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Decompésition of litter is one of the most
important phenomenon in the ecosystems. The biological
degradation of the plant litter represents one of the
essential links in the natural process of carbon
cireulation (Vladimir, 1970).

The role of microorganisms in the decomposition of
plant material is of immense importance. The microbes are
primarily responsible for the release of wvarious nutrients
locked up in the plant tissue whicel in turn are utilized
by other organisms. The cyecling of minerals in an
environment s to a great extent influenced by the microbial
activities of the region. Obviously, any influence in the
normal functioning of the microbes during decomposition
processes will effect the cycling of the minerals.

The increased interest in the Pfole of microorganisms .
in nutrient and eneryy flow relationships in natural as
vell as man-manipulated environments has emphasized the need
of litter decomposition studies.ln the process of litter
decomposition microbial attack is the most important and the
process becomes further complicated since large variety of
microorganisms are involved. To understand this complex
phenomenon of decomposition of plant litter it 1is logically
important to evaluate the role of the most important groups
of organisms, their succession and their natural influence.

In north-eastern part of the country where the
climatic fluctuations are extreme, thé studies relating to
role of microorganisms in the decomposition or litter in
the forest, release of nutrients and phytotoxins during

decomposition and the effect of latter on soil microflora



are of much impertance.

The successive colomrization of pine leaf litter
by furngi in relatiom to various envirommemntal factors is
little understood. Very little imfermation is available
at present about the role of yeast, bacteria and
actinomycetes in pine litter decomposition fer which the

present investigatiom was undertaken. Pinus kesiya Royle

ex-Gprdon was selected because of its economic impertsmce™
and wide coverage im the region. The plamnts also produce
abundant litter which are added to the seil after the leaf
tall and this contributes significantly in the cycling of
the mautrients. Moreover, presence of some acids that occur
in pine needles (Freedi et 21, 1975) may play a dominant
role im litter decomposition umder natural condition.

The presemnt investigation was undertaken with a
view to understand the "ecosystem function of Pimne forest
of Meghalaya" and the investigation was carried out imn a
reserve pine forest maintaimed by Gevernment of Meghalaya
adjacenat to Shillong. The detail description of the

experimental site is given below @

Description of the experimental site :-

Geographical l@cation_: The study area as shown
in the map is named as "Riatkhwan reserve forest" is about
15 km frem Shillorng city (Latitude 25°34' N and longitude
92°47' BE) on the western side of Gauhéti-Shillong road. The
ar;a has an altitude range of 950 m to 1280 m MSL. Khasi
Pine (é;ggg kesiya Royle ex-Gordom) plantations raised by
the deghalaya Governrment is the main vegetation of this

area. The dominant pine vegetation is associated with
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eertain weeds. It eccupies a narrow zone just above the
Barapani lake. The slope of these niils is adjacent to
Umiam Piver as shewn im the map (2). The study area is
divided imto several compartments and the present werk
was carriea out in the compartment numbers 2,3 and 4 as
shown in the map(2). Compartment number 2 comsists of the
plant species sown in the year 1961 on an altitude of
950 m MSL.Compartment number 3 at amn altitude of 1190 m
MSL consists of pine plantation also ef the same age.
Compartment number 4 consists of three pine plantations
of the year 1955, 1965 and 1970 at am altitude eof 1250 m
MSL, 1200 m MSL and 1280 m MSL respectively.
Physiographically, the area represents a remnant
of an ancient plateau of Pre-cambrian India peninsular
shield block uplifted to its presemt height. The Kermel of
the_plateau is the expesed Archaean gneisses amnd phyllites
intruded later by younger granites and basic/ultrabasic
suites. This ancient surface of the plateau is still
preserved with marks of different cycles of denudation.
It is hidden beneath the Mesozeic traps aleng the central
Southern fringe and Cretaceous Tertiary and pest Tertiary
sediments. The present physiographic configuration of the
plateau was attained through different geological events
since Mesozoic to presemt day as indicated by the polycgclic
erpsional surface at various levels.

The: Shillong plateau is a horst which has been
block uplifted since zurassic times to its present height
6f 610 to 1544 m above M.S.L. and its tactomic history
begins with the effusion of plateau basalts (Sylhet traps)
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through fractures and faults in the basement and uplift
and subsidence of adjacent basement blocks. These were
followed by upper Cretaceous Tertiary sedimentation into
the relatively down thrown portions along faults. The
tactornic force has been vertically dominated and comtrolled

by differential mowements along these basements fractures.

Vegetation :~ A list of the plants includimg undergrewths
present in the area of study is detailed below. The plants

vere almost the same for all the plantations studied.

Trees @ Pinus kesiya Royle * ex Gordon
Schima wallichii
Herbs Eupatorium adenophorum¥*

Pouzolzia zeylanica

Urena lobata

Oxalis corntculata

Oxalis corymbosa

Frageria indica

Rubus e]lipticus

Commelina benghalensis

Oldenlandia burmanniana

Hedvchium coronarium

Erigeron linifolius

Beutelaria bizoler
Anemone rivularis¥*

Hypochaeris radicata

Shrubs ¢ Lantana camara

Degsmodiunm triflorium

Osbekia crinata



Grasses : Setaria glauca*

Capiliipedium assimile*
Idlperata -eylindrica*
Paspalum dilatatum*

Digitaria adscendens*

Saccharum officinalis

Eriantnus sps.

Poa annua
¥ Indicates dominant plants.

Environmental comdition :~ The region experiemces a
tropical monsoonic climate, the summer temperature
recording as high as 28°C and the mean winter temperature
falling down to 6°C witﬂ periodic fluctuations below the
freezing peint, marked by appearance of groumd frost at
night and morning; The average annual rainfall of the
state is around 205 mm. The periodic climatic data is

represented in the Fig.13.



CHAPTER I

SEASONAL VARIATION IN THE POPULATION AND
ACTIVITY OF THE SOIL MICROORGANISM3 IN THE

PIKE POEEST
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One of the most striking features of the soil
microflora is the diversity. Actinomycetes, fungi and bacteria,
belonging to innumerable genera and species, can be found in
almost any so0il sample. The relative proportions of the
different groups are influenced to some extent by the
environment.

The geography and ecology of soil microorganisms have
not been well studied until recently. The paucity of research
is evident in a fundamental monograph by Alexander (1971).
The author could find very limited information on the
subject. However, the attempt of a number of scientists to
ascertain patterns of distribution of socil microorganisms
ended in failure. Inspite of the exciting development of
microdblology in the last 100 years, there may be little doubt
that our understanding of microbial life in complex matural
environments, particularly in soil, is far from being based
on principles of this art of science. Microbiological
studies have been carried out mainly with pure culture under
well defined conditions, and many microbiologists dislike
complex matural environment. However, natural environment
such as soll offers great challenge to microbiologists
enquiring in its dynamic features.

In contrast with pure cultures, in which attention has
been focussed mainly on the chemical composition of their
media, the physical conditions of the enviromment play
prominent role in the case of socil microorganisms. Soil is a
heterogeneous, discontinuous environment and is dominated by
a 80lid phase varying in sige from leass than 0.2 nm to
greater than 2 mm. This discontinuity and variability in
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particle size may regult in a composite of enmumerable mmall
microbial communities, each circumscribed by ite own
immediate environment, as .suggeated by Stotzky (1974).
Soil is essentially a colloid dispersed system. The
colloid size particles play an important role in determining
the physical or physico-chemical properties of microbial
environment in soil. The most importamt characteristic of a
colloidal dystem can be ascribed to the fact that the ratio
of gurface area to volume of the particle is extremely large.
Soil particles are divided into various fractions as shown

below :

Stones Gravel

1 1

Course sand : Fine sand | Silt Clay ?

"""

-

20,0 2.0 0,2 0,02 0,002 mme

The relative proportions of each of these sise fractions in
any one 801l are defined as the moil texture. Soil colloid
particles which are reactive consist chiefly of clay

mine rals. Clay minerals are constituted of distinctly
crystalline minerals which are composed of unit of aluminia
and silica. Most clay minerals are platelike in character.
Their electron micrographs show that Kaolinite has sharp amd
well defined edges and montmorillonite has structures
ranging from an amorphous appearing material to extremely
thin plates. The clay lattice carries a net negative charge
as a result of isomorphous substitutions of certain
electropositive ions by such cations of lower valence.
Consequently, the flat layer (face) surface of a clay
particle has a constant negative charge. Colloidal particles
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of clay are usually charged negatively. To balance the
negative charge, the particles tend to absorb counter ions
(cations), which are governed by many factors. The most
important factors are type of cations and the clay particle.
According to Stotsky et al (1966) respiration of various
bacteria can be stimulated by montmorillonite and also
although to a lesaser extent by Kaolinite, which may primarily
be the result of clays maintaining the pH of the environment
at levels suitable for microbial life. Stotsky (1974)
emphasised that a single environmental factor, such as the
type of clay minerals, will greatly influence microbial life
in soil. Outstanding examples of such influence are the
correlation between the rapid spread of Fusarium oxysporum,
2. cubence and Higtoplasma capsulstum in certain soils,

Clay particles also play important role in the survival of
bacteria in soil. Dommergues (1964) showed a protective

effect of a clayonsSurvival of Azotobacter vinelandii,

A. chroocogoum and Beijerinckia indica at low humidity was
markedly enhanced by addition of Kaolinite. Stotzky et al

(1966) showed that microbial activity is depressed at a
higher salt concentration, but the depression is lessened
by addition of montmorillonite.

One of the essential characteristics of soil
microhabitat is its discreteness, the chemical, physical
and biological characteristics of the microhabitat differ
wvidely from point to point or from time to time. The physieal
constitution of a s0il material is determined by the sige,

shape and arrangement of the solid particles. The size and
distribution of pores in soil are among the most important



factors deteruinine microbial life,since micro-
organisus live exclusively in pore space, and
retention of water iadisvensable to microbiai liZe
igs closely related to the size of each pore.

The concept of capillary pore as tne most
favourable microhabitat of soil bacteria is also
supported by several observers..eifert (1965, observed
that nitrificotion was stiuulated by increase of water
content until PF 2.7 and further increase of water
content did not result in stimulation of the activity.
Tanaka et al (1972) showed that the nunber of bacteria
increased proportionally to water content of soll until
it attained a critical value which wac specific tc eacl
so0il. With a ‘larger smount of water than the value, the
number was not affected digtingtly by vater content.
Wnen large noncarillary pores arce saturated with water,

oxygen diffusion into soi’ aggregate may become very

(B

'ifficult; consequently bacterial activity and growth

«

may be markedly depressed. Soluble substances in large
pores may be eluted by rain or irrggation; thus nutrients
indispensable for bacterial growth may be apt to be
wanting. woncapillary pores probably larger than 6 mnm,
may not be as favourable microhabitat as ca.illary

pores, even 1if water is sufficiently supplied.

Several studics have been carried out in diffe-
rent varts of the world to correlate biolosical activi-
ties of soil to their fe tility status. among them the
inmportant ones are : total microbialcounts, rates of
nitrificution, ammonificztion, cellulose decomposition

end indivicdual enzyme activities, such



10

as urease, invertase and amylase, All these parametershave
their own drawbacks and none of them alone predicts the
overall biological activity. The plate counts give the
estimation of microbial population which is again dependent
on the type of medium used. The biochemical and enzymic
methods measure only certain metabolic capacities of

selected groups of microorganisms. These drawbacks led the
workers to turn to the methods like carbon-dioxide evolution,
oxygen uptake and dehydrogenase activity. Dehydrogenase
activity measures the net effect of numerous ensymic processes
taking place in the soil. It is regarded as being more
dependent on the general metabolic status of the soil
microflora than the activity by speoific cell free enzymes
acting upon certain substrates. Determination of dehydrogenase
activities has, therefore, been used aince 1956 when Lenhard
introduced the method with triphenyltetrazolium chloride

(TTC) as an artifiecial hydrogen amd elestron acceptor.

Rate of carpbon dioxide evolution from forest soil
reflects the metabolic activity of the biota, including live
roots and organisms rosponbible for decomposition. One of
the parameters indirectly affecting the forest productivity
is the decomposition of organic matter on the forest floor
and in soil. The enzymatic breakdown of organic matter by
~ litter and soii orgaenisms, mostly daoteria-and fungi,
ultimately releases the nutrient elements which may then be
.taken up by plant roots and are recycled. Carbon dioxide
(Coz), which is conocomitently released with nutrient elements
during decomposition, may be monitored as an indication
of mineraligation rates (VWitkamp, 1971). As the climatic

fluctuations in this north eastern part of the country are
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very signiticant, it was felt neceesary to investigate
these two methods simultaneously to compare which methods
would be more appropriate to assess the biological
activity of the acidic soil of this region.

Soil mierobiology has engaged the attention of
several researchers, but the ecological factors governing
the distribution of soil microbe have been studied by a few
modern workers, Distribution of s0il microbes in different
seasons of the year and the effect of the various factors,
climatological and edaphic governing their distribution have
not received adequate attention by the soili microbiologists
of this country.

With the existing knowledge it was not possible to
unierstand the nature and activities of the soil miocrobes
of this region in different seasons.

The ecology of soil microorganisms is much more
difficult in the sense that the methods of study are much
more iabour-consuming tham the ecology of higher plants.
Hence the present work wnich is first of its kind 1n this
region, was undertaken with a view to understand the nature
and activities of the soil micrones of the pime forest soil

and their role in litter decompositéaon.
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Soil microflora =~ Vaksman (1952) indicated, “among the
various factors which influence the abundance of“nicroorganisns
in the soil, the wos: important are organic matter, soil
reaction, moisture, temperature, aeration and nalure of crop
grown. The distribution of microorganisms in the asoil is,
therefore, controlled by numerous ecological factors,
comprising climatic or atmospheric, edaphic or soil, and
biotie or living.

Successful attempts to describe the ecology of soil
fungi in relation to higher plants have been made by the
studies of Tresner ei al (1954) on a forest continum and by
Orpurt and Curtis (1957) on Praire continum of Wisconsin.

Saksena (1955) and Warcup (1957) found a marked
decrease in viable propagules of soil in summer, subjected
to extreme desication at that time of the year. The former,
further, observed that moisture, as a rule, was favourable
for the growth of fungi as long as there vas no vater
logging. Kluyver et al (1956) studied the distribution of
microorganisms in seil and described that the cosmopolitan
distribution of microorganisms does not mean that they occur
everywvhere in large numbers. Their active reproduction is
favoured by certain conditions only. It seems that in
different soil: types, varying groups of microorganisms
predominate. England and Rice (1957), while making a
comparative study of soil fungi of a tall gress Prairie with
that of an abandoned field in cemntral ®klahoma, observed
that although a few species appeared with high frequency
throughout the year, most species were of seasonal or

sporadic nature. It means that species composition of each
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plot changes from season to season and to a lesser degree
from month to month.

Ordin (1958) studied the influence of vegetation on
the microflora of soils and concluded that different types
of soil harbour different dominant fungal species. Ivarson
and Katanelson (1960), while working on the rhizosphere
microflora of yellow birch seedlings, noted that there was
a pronounced rhizosphere effect on the bacterial population
while other groups like actinomycetes and fungl were less
affected. '

The soil fungi of Conifer hardwood forests were
studied by Christensen (1960) in Wisconsin and he concluded
that species composition of the soil microfungal communities
was correlated with the species composition of the cover
vegetation.

Parkinson and Kendrick (1960) investigated soil
microhabitat in relation to soil fungi and opined that the
condi tions prevailing in very small spaces in s0il will have
a decisive influence on growth and reproduction of soil
fungi,

The effect of geography on the distribution of
microscopic »fungi in seil has been considered in a number
of studies. Some points relating to the distribution of
microscopic fungi in soil have been generally recognized.
During the studies of soils of different zones of USSR a
considerable amount of information on fungal ecology was
collected by Mishustin et gl, (1960). An analysis of their

results allows for the establishment of a number of.faghs
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abundance of fungi of the genera Penjicillium and Mucor
inereases. Purther, to the south gones, fungi of the genus
Penicillium are replaced by the fungl of the genus
Aspergillug, It sholld be noted that the relative abundance
of Appergillus not infrequently increases in alkali soil
located in the chermozem zone. Mucor strains tha{ prefer
organic nitrogen are common in the upper layers of virgin
s0il containing many nondecomposed plant residues. Mugcor
rZapgnianus is found only in forest soils. Representatives

of the genus Choanephora occur only in Sierogems. In ebils

with less intensive biochemical changes, the biochemically
less active representatives of the genus Penicilliium
predominate. In soils with less favourable conditions, say,
in alkaline, saline and desert soils, fungi of the
nmonoverticullata section dominate. The section biverticullata
is chiefly largely represented in forest soils. The section
asymetricullata is widely distributed in most parts of
cultivated soils. Representatives of the genus Pygarium are
concentrated in soils covered by greas vegetation. Forest
80oils are practically free from these fungi. Thus it can
be concluded that the composition of different fungi
undergoes different regrouping in different soil types.

Wright and Bollen (1961) while working on microflora
of Douglass fir forest soil, observed that there was
extensive monthly fluctuation in:number of microorganisms
and the latter greatly increased during the rainy periods
and decreased during i#rought.

Tyeplyakova (1961), studied the vertical zomation of
the soil microflora of Ala Taumountains of Kazakhstan, the
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number of pigmented actinomycetes defreases as the altitude
of soils above the sea level increases. Thus Actinomyce$ -
fumoges, A.agtinoides often occur in mountain meadow soils,
while they are largely absent from Sierogems. Some species
of actinomycetes, such as A. globisporus and A. griseus
ocour in all types of soil.

Christensen et al (1962) studied the soil #icrofungi
of West mesic forest in Southern Wisconsin and observed that
there existed qualitative and quantito.tivé difference in
species composition among the stand, particularly between the
twvo stands representing extremes in vegetational composition.

Williams (1963) studied the distribution of fungi in
the horizons of a podzolized soil and concluded that even
unier an spparently uniform plant cover considerable variations
in the nicrobial population are observed.

Griffin (1963) reviewed the effect of soil moisture
on soil fungal population and concluded that nearly all
fungi will be able to exert the necessary force to absorb
wvater and to grow'vithout impediment even in drier soils.
However, imn soils drier than permanent wilting point, this
ability will be different for different fungal species.
Further, moisture content, texture and structure, which
affect soil aeration, have significant influence on fungal
activity. So0il microfungi of open bogs and Conifer swamps in
Wisconsin werestudied by Christensen and Whittingham (1965).
Soil fungi from three areas representing successional stages
in bottomland forest vegetation in Central Oklahama were
compared throughout the year at two months interval by Mallik
and Rice (1966). The numbers of accompanying bacteria and
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actinomycetes were also determined. They found a good
correlation between soil fungi and three successional
forest communities. The number of fungal species was lovw
in the pioneer area and slightly higher in the transitional
area than in the climax. Apparently the wmaximum number of
fungal species attained during succession is reached before
the climax stage.

Saito (1966) studied the soil actinomycetes and
observed that actinomycetes may increase briefly when fresh
organic matter is added to the soil, as at leaf fall or
vhen crop residues or farmyard manure are ploughed in.
However, they often colonize new sukbstrates slower than
bacteria and fungi.

Seasonal fluctuation in number: of soil microorganisms
in different climatic zones of the USSR was reported by
Mishustin (1966). For obvious reasons, the number of non-spore
forming bacteria showed the greatest variation during the
course of a season. The population fluctuations among the
bacilli vwere less marked. Different geographic and edaphié
factors appreciably affected the number of actinomycetes and
mieroscopic fungi. It is clear from this report that soils
of Southern Zones of USSR are the richest in microorganisms,
The someyhat high caunt in the virgin soils of the extreme
north can be linked to the accumulation on the surface of
these goila of partially decomposed plant residues, which in
the warm periods of the year form a godd substrate for
microorganisms. In a still more southern zone, the number of
fungl decreases. Due to increasing competition of bacteria
and actinomycetes with the fungi, the number of the latter
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decreases in the soils, specially those characterized by
neutral reactions.

Mishra (1966) studied the seasonal variation in
fungal flora of grasslands of Varanasi (Indie) and recorded
a seasonal effect of the prevalence of different fungal
species. He further observed (1967) a good correlation
between so0il fungal population and temperature and moisture
content.

Soil is a poor medium for microbial growth and the
high organic matter has a large effect on the mumber of

microorganisns. Rapgaswami et gl (1967) established a

correlatton between organic matter cantent and number of
actinomycetes in soils from South India.
S0il types of some mountain ranges in the Caucasus

and Middle Asia were studied by Mishustin and Mirszoyeva (1968).
They found that the effect of altitudinal zonality on the
composition of soil microfiora is the same as that of .
latitudinal, “zonality. Higher in the mountains, where the
average annual solil temperature is lower, both the number of
bacteria and the percentage of Bacilli and actinomycetes
decreases. Some s0il types have different profiles and
distribution of organic matter. These differences affect the
microbiological profile of different soils.

| During the investigations of the effect of various
preceding crops on the soil fungus flora in wheat fields,
Domsch et a] (1968) obtained sufficient data to draw general
conclusions about the distribution of certain species in the
soil. Domsch and Gams (1969) atudied the variability and
potentiality of a soil fungus population to decompose pectin
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Xylan and Carboxymethyl cellulose to determine the ability
of certain soil fungi to degrade different subatrate.

Christensen (1969) studied the soil microfungi of
dry to mesic Conifer hardwood forest in Northera Wisconsin.
His fingings confirmed the hypothesis that species composition
in s0il microfungal communities is correlated with vegetation.
Gray (1969) studied the numerical taxonomy of soil bacteria
in pine forest soil and evaluated the importance of such
studies for identification.

Apart from the gffect of climate and vegetation on
soil microfleora it has been shown by Mai (1970) that the
transformation of organic and mineral substances is always
accompanied by yicrobial succession. Hence it can be
concluded that organic matter transformation in the soil must
promote the development of different microbial associations.
Apart from the geographic factors, each zZone is certainly
defined by its environmental conditions, Davies and Williams
(1970) attempted to correlate the distribution of actinomycetes
population as a vwhole and also of individual isolates to
various environmental factors in a developing podzol. They
studied the quantitative and qualitative nature of actinomycetes
population in the mineral horizons. From their results, depth,
pH and moistur§ levels of the soil appeared to exert varying
influence on different isolates. Horizons éould not be sharply
defined by the actinomycetes flora. During last century since
actinomycetes were discovefed they have shown to be an
important producer of antibioties, yet their study has barely
advanced beyond the stage of enumeration and identification.

Much remains to be discovered of their ecology, interrelathons
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with other organisms and imporsance in the degradation of
soll organic matter. There are few comparisons of the
actinomycetes populations of different soil types.

In India no work has been done on the ecology of
soil actinomycetes in acidic soil like that of pine forest
s80oil. Actinomycetes usually prefer neutral or slightly
alkaline 80il; few are able to grow in s0ils more agidio
than pH 5. Williems et &1 (1971) reported a group of
Streptomyceg sp isolated from acid soils that could grow
in culture at pH 3.5 - 5.5, spore chains with .similar
morphology grevw on pine needle fragments in the aci@ litter
layer,

Srivastava and Mishra (1971) in their studies into
rhizosphere microflora of certain medicinal plants, observed
that the total free amino acids in root has a direct
correlation with the quantity of rhizosphere microflora.
Mishra and *‘Kenaujia (1973 a) investigated rhizosphere
mycoflora of certain gymnosperms in relstion to different
seasons and observed that fungal population in different
gymnosperm: plants was different. They also observed a good
correlation between amino acid contents of the root of
Aurocaria spefies and number of fungi present on the root.
They (1973 b) further studied the distribution of soil: fungi
in relation to cover vegetation and physicochemical characters
of the s0il collected from different places of North India
and observed that fungal populetion was generally higher in
cultivated fields and nature and duration of eropping affected
the population. It was also suggested that moisture content,
organic matter content, and pH of the soil affected fungal

flora.
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Wicklow and Whittingham (1974) investigated

fungal ‘population inhabiting the organic and ninera-
liged soil herizons, and evaluated the effect of
catastrophic vegetationsl disturbances on their species
comporition in selectel upland forests in Jorthern
Wisconsin. 3Baker (1974, investigated the nicrobiology of
the soils of Subalpine heath, a palsa peax @and two iron
podzols in Utsjoki.

In India Joysheela and Oblisami (1975) reported
the prevalence of rhigzosphere microflora o certain
medicinal ®@lants and enmpghasized on plant nicrobe inter-
velationshizs. Gray (1976) studied the survival of
vegetative structures of microbes in soil and stressed
on the nature of environment on the survival of the
microbes.

Denydrogenase activities and Carbon dioxide evolution -

Level of dehydrogenase activity in soils is con-
sidered to give some guide to the microbiological activity
0f the soils.This asnect has been investigated intensively
since the introduction by Lenhard (1956) of a method for
the estimation of this activity. Dehydrogenase activity
appears to be more dependent upon the metabolic state of the
the microbial population of the soil than upon the activity
of specific free enzymes on particular substrates.

Stevenson(1959) and Casida(1964 ) used the 2,3,5
tri henyl tetrazoliua chloride(TTC, reduction method in an
attempt to equate the dehydrogenase activity with :he
biolozical activities of the soils.

Skujins and uclaren (1968) studied the dehydroze-

nase activity in some air dried soilsthat had been sored for a
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few years. Ross (1970) studied some factors influencing
the estimation of dehydrogenase activities of pasture
g8oils in New Zealand. Ross ¢t gl (1970) further imvestigated
the enzyme activities and oxygen uptaks of soil under
pasture in temperatuwre and rainfall segquences. They further
(1973) studied the invertase and amylase activities in a
80il profile and found that both the activities were mostly
positively correlated with oxygen uptake: , particularly
in the presence of added glucose.

Baker (1974) studied the soil microbial activity
in Pinish Lapland by measuring the levels of dehydrogenasge
and B - fructo furanosidase by laboratory respirometry and
the acetylene reduction technique for nitrogen fixation.
Hast (1974) from Swedish Coniferous forest reported the
total activity of wpjorocorganismsin protein amended soil.
He determined this aspect by plate counts, respiration
measurements, dehydrogenase activities and ATP analysis.
ATP analysis was a better measure of the activity.of the
microbial pepulation rather than the biomass study.

In India very 1ittle information is available on
this aspect of soil microbiology. Vishwanath et al (1975)
studied some selected soils to determine the contribution
of bacteria, surviving chloroform and toluene treatment
with regard to dehydrogenase activity.

Wingfield (1977) studied the effect of the application
of herbicide Palapon on bacterial populathon and dehydrogenase
activity in soil of Begbréke of Hill Yarton.

Witkamp (1966) studied the evodution of Co, from
forest floor: of pine and maple stands.



22

Variables which have been shown to effect the
002 evolution from soil include temperature and moisture
(Katsnelson and Stephenson, 1956; Witkamp, 1966; Reiners,
1968) Garett and Cox, 1973), pH (Katznelson and Stephenson,
1965) and substrate (Katznelson and Stephenson,1956;
Witkamp, 1966). Determination of rates of Co, evolution
from forest floor: is, therefore, essential to the
construction of ecosystem carbon budgets (Wood Well and
Botkin, 1970; Reichle et al, 1973).

Garrett and Cox (1973) reported that moisture had
the greatest limiting effect on coa evolution from the floor
of an Oak hicory forest in Missouri and that temperature
vag most limiting in the spring and winter,

Biward (1975) discussed the use of moisture and
temperature to predict Co2 evolution rates from seperate
litter and mineral soil horizons in\a mixed deciduous forest
in Bastern Tennessee, Mortknsen and Staff (1975) in Swedish
coniferous described two methods of evolution of heat and
co2 for measuring the total activity of organismas in soil.
In India, not much work has been done on this aspect of seil

microbiology to understand the complex forest ecosystem.
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A. Selection of the pite :-

The investigation of the soil mieroflora was
carried out for two years, starting from April 1976 -
April 1978. During 1976-1977, the investigation of the
s0il microflora was carried out under five selected pine
plantations vig. 1955, 1961 (plantation on high altitude),
1961 (plantation on low altitude), 1965 and 1970. The
details of the plantations are given in the chapter
general introduction. The five plantations were selected
to investigate the variation in the microbial population
amongst plantations of different age. After ocne year of
study of the soil microflora of these plantations, When
no significant variation was observed between them further
investigation of the soil microflora during 1977-78 was
extended for only two pine plantations wviz. 1955 and 1970.
B. Soil sampling procedure i-

The first sampling of the solil from different
plantations mentioned above, started om 5th.April, 1976 and
the subsequent samplings were done at one month interval
for a period of one year.

Soil samples were collected by inserting a sterile
bowel vertically into the soil to a depth of 15 cms. at
five randomly selected sites within each stand. Bach set of
five samples was thoroughly mixed in a sterile polythene
bag in an effort to minimize local variation in the miorobial
population, and the samples were transported to the
laboratory immediately. All aseptic precautions were taken to
avoid contaminations. Samples were kept in the laboratory

freeze at a temperature of +3°C until the plate counts were

”
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done. Additional bulk of samples collected from each site
and from each plantation provided material for pH and
moisture determinations. The same procedure of the soil
samplings was followed for the investigation of soil
microflera during May 1977 - April 1978. Atmospheric
‘temperature, rainfall and humidity were recorded throughout
the sampling periods.

C. Igolation of Soil Fupgl i~

Warcup's soil plate methed (Warcup, 1950) was
followed for isolation of fungi from the soil samples. Smell
amount (0.003 g.. ) of soil was taken from the main samples
by mean of a sterile nichrome spatula having a flattened tip.
The soil was then dispersed in a few drops of sterile water
in the bottom of the sterile petridishes. Bight fo ten ml
of melted and cooled Martin's rose bengal ager medium
supplemented with streptomyocin sulphate was poured and the
80il particles were dispersed throughout the medium by
shaking and rotating the dishes. Three replicates were
maintained for each sample: . Same method: of isolation was
follewed for all the plantations. The plates were then
incubated upside down at a temperature of 25 + 1°¢ for 5-6
days in BOD incubator and were examined earofull; everyday
to remove the fast growing forms. The number of fungal
colonies was counted with the help of a digital colony
counter and the fungifdry soil were calwulated by taking into
consideration of the moisture content. Isolation and
purifiecation was carried out in a laminar flow chamber.

The isolation and purification of fungi for detailed
study were done either by single spore method 6r by cutting
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of hyphal tips. The pure cultures were transferred to
fresh agar slants of Malt extract and Czapek's Dox agar
medium and preserved in the refrigerator rumning at 10°C.

For identification of the most of the fungi the books
consulted were those of Gilman (1956). Barnett and Hunter

(1972), Subramanian (197%1).

Dilution plate method was followed for the isolation
of bacteria and actinomycetes throughout the sampling
pericd. 10g of soil from each sample: was taken and put in
250ml sterilized conical flask and a soil solution in
steriliged distilled water of 1:10 dilution was prepared.
Further dilutions viz., 1:100, 1:1000 and 1:10,000 were
prepared with sterilized distilled water fpr each sample,
The stock solutions were always thoroughly hand shaken for
10-15 minutes before making any dilutiom. 1:10000 dilution
was finally considered suitable for isolation of bacteria and
actinomycetes. Throughout the investigation period the same
dilution (1:10,000) was used for the various samples. Isolation
of bacteria was done on nutrient agar medium containing beef
extract whereas actinomycetes vere cultured on starch casein
agar plus antibiotics medium which has been shown to be
highly selective for these microorganisms (Kuster and Williams,
1964). The selectivity of this medium for actinomycetes was
further increased by the addition of antifungal antibiéticn,
actidione and nystatin each at e conc of 50 mg/ml of medium

(Williams and Davies, 1965). 0.5 ml of soil suspension from
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poured nutrient agar medium and starch casein medium for

the cultivation of bacteria and actinomycetes respectively.
Seperate pipettes were used for transferring the soil
solution in each case to ®mvoid contamination. Isolation was
carried out in sterilized lamminer flow chamber throughout
the investigation period. Three replicate plates were
maintained :{E’each cagse. The petriplates were shaken gently
to disperse the inoculum uniformly over the surface of the
agar medium. The plates were incubated upside down at a
temperature of 30 + 1°G in a bacteriological incubator. The
plates for bacterial counts were incubated for 24 hours
whereas the plates for actinomycetes were incubated for 7
days only. Number of bacteria and actinomycetes colonies was
counted with the help of a digital colony counter and their
population per g dry soil was calculated by taking into
consideration of the moisture content. In this study only
the bacterial and actinomycetes population was considered
and no attempt was made to identify the species. Pure cultures
of bacteria and actinomycetes were transferred to fresh agar
slants and preserved in the refrigerator running at 10°C,
Same methods of isélation of soil microflora was tello;ed for

the investigation of soil microflora during 1977-78.

bac n ‘-

a) Czapek's Dox agar - (Raper and Thom, 1949).
Agar - 15.0 g.
Na No3 - 2.0 g.

KZH P04 - 1.0 g



Mg 894 TH,0
Kel

reSo4 7H20
Sucrose

Vater (distilled)

b) Malt extract agar
Agar

Malt extract (Difco)
Dextrose

Peptone

Vater (distilled)

21

0.5 g
0.5 g«
10.0 mg.
30.0 -g.
1000 ml.

25,0 g.
20,0 g.
20.0 g»
1.0 g.
1000 ml.

¢) Peptone-dextrose~-Rose bengal agar (Martin

Agar

KHzPo4

MgSo, TH,o
Peptone

Dextrose

Roge bengal (1%)
Distilled water

Streptomyein

MAdiun for Bacteria -

%3321221_5822 -
Difco manuel, 1953).

Agar

Beef extract
Peptone

Nacl

Vater (distilled)

20,0 g.
1.0 g
0.5 g.
5.0 g.

10.0 g.
3¢3 ml.

1000.0 ml.

30.0 mg.

15.0g.
3.0 ge
5.0 g
8.0 g.
1000,0 ml.

1950).
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Medjum for Actinomycetes -
Starch-Casein agar (Kuster and Williams, 1964).
Agar - 18.0 g.
Starch - 10,0 g.
Cagsein (Vitamin free) - 0.30 g
KHo3 - 2.0 g.
Nacl - 2.0 g.
K'2HP04 - 2.0 g.
Mg 504 7H20 ~ 0,50 g.
Ca003 - 0.02 g.
FCSO4 7H26 - 0,01 g.
Water (distilled) ~ 1000.0 ml.
Nystatin and Actidione ~ 50 Mg/Ml each.
F. Deters

The percentage relative abundance of a fungal
species was calculated from the rormula as detailed below:

Tot b ind e 0 x 100
Total number of individuals of all species

The term 'frequency' is used to refer the
frequency of & fungus during the emtire sampling period and
is represented by the number of samplings in which the
fungus appeared, expressed in percentage. Based on
percentage frequency the fungi are grouped as 'dominant'
81-100%; Common 61-80%;frequent 41-60%; occasional 21-40%;
and rare 1-20% (Vittal, 1975).

G, Seasonal record of %he fungal population -

Seasonal record of the fungal population,was made in
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three sessons viz., (a) summer; from Aﬁ;il to Junél(b)
rainy, from July to October amd (c) winter, from November
to February. The fungi recorded during the different momths
of the seasons were consolidated and percentage frequency

wag calculated by averaging the moanthly data described

earlier,
H. Determination of dehydrogemngse activity, 002 evolution
a n 0 0 t of orest 1l t=

The experiment was conducted :or a period of { year
starting from May 1977 to April 1978 under a selected pine
plantation viz: 1970 plantation. Soll from this selected
Pine stand was colleetéd regularly at ome month interval for
a period of one year. During each s#npling top #0il  upso
depth of 15 cm from five randomly selected spots were ‘
collected as described earlier. Bach set of five samples wap
thoroughly mixed in a sterile polythene bag in an effort to
minimize loocal variations in the microbial population and the
samples were transported to the laboratory immediately. All
aseptic precautions were follewed t0 avoid contamination.
The samples were used on the same day to determine dehydrogenase
activity. Additional bulk of samples collected in each case |
provided material for pH and molsture determinations. Soil
temperature was always recorded during the entire sampling
period. Organic matter, organic earbon and C/N ratio also
vere determined. Atmospheric temperature, rainfall and
humidity were recorded throughout the investigation period..

Dehydrogenase activity of the soil was determined by
2,3,5 Triphenyltetrazolium Chloride (TTC) reduction techmique
as modified by Casida et al (1964). To determine dehydrogenase
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activity (DHA) 5.0 &' of soil sample (free from any plant
debris) was dispensed in six test tubes. To each tube

0.1 g of Caco3 and 1 ml of 1.5% aquous solution of TTC
were added in succession. Three of these tubes received

1 ml of 1% solution of glucose and 3 ml of distilled
water. The quantity of liquid was found to be enough to
saturate the soil and to form a liquid layer om the soil
Sample. Thie ensured adequate anaerobiosis for TITC
reduction. The content of each tube was well mixed,
plugged with a rubber stopper and incubated at 379C for
24 hours., The TTC was reduced to Triphenyl fornaz@n which
was extracted with methamol. The soil from each tube was
quantitatively transferred to Whatman No.40 rilter paper
with the help of methanol and washed down into a 50 ml.
volumetric flask, with small portions of methanol till the
fidtrate ran free of pink colour. The volume of the filtrate
was made up to the mark with methanol. The OD (Optical
Density) due to pimk colour of the filtrate was determined
at 485 Q}L by means of a spectrophotometer (Spectronic-20)
using methanol extract from the control (without soil) as
the blank. The results depictegtzn the basis of O.D. taken
at 485 mu,

Inverted box method was used to determine Co,
evolution from the forest floor (soil) (Walter and Haber,
1952), Glass beakers of 100 ml. capacity containing 50 ml
of 0.1 N KOH solution was covered with tin containers
(5071.2 cmp. sq.area) and exposed to forest floor for
24 hours under natural conditions., Control sets were used

as follows : a small area of the foreet floor (according
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to the size of the tin used) was covered by means of &
polythene sheet to ensure no Cc2 accumulation took place
from the forest floor and the whole system along with

0.1 N KOH solution was covered by iaverted tin. After

24 hours of exposure the amount of 002 fixed by the KOH
solution was measured by titrimetric method using O.1 N HCL
and Phenolphthelin as an indicator. Three replicates were
used in each case. Finally 002 evolution was expressed in
ng/az/hr.

The microbial population of the scil samples was
aiso assessed as described earlier during the determination
of dehydrogenase activity and 002 evolution and during each
sampling period.

I, t sicochemical erties of 80il -

The following physicochemical properties of the soil
were determined during different period: of samplings.

a) Moisture content determination of soil samples :~

Moisture content of each s0il sample . was assessed
by oven dry weight method. During each collection tem g of
each sample of freshly collected 80il was dried at 105°C
in a hot air oven to constant dry weight and from the "
resulting weight losses the percentage moisture content was
assessed. ,

b) pH determination of goil samples :~ pH of the
80il samples was also determined for a period of two years.
For each sample 20 g of soil was saturated with 100 ml of
distiiled water and allowed for constant stirring with the

help of a magnetic stirer for 20 mimutes. The suspension

was then filtered through Whatman fiiter paper No.1. The
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pH of the filtrate was then taken by electric pH meter.

(c) Determimation of the organic carbon, organic matter, and

nitrogen of the soil i-
Organic matter, organic carbon and nitrogen of the

soil samples collected from 19/0 plantation during 1977-78
vere analysed as described below :
Determination of organic carvon of goil :-

Walkley and slacxs (1934) rapid titration method was
followed tor the determination of organic carbon of the soil
sampdes collected at different sampling period.. The soil was
digested with chromic and sulphuric gcid making uae of the
heat of dilution of the sulphuric acie. The excess of chromic
acid, not used by the organic matter of the soil was then
determined by titration with standara rerrous sulphate. For
each sample 0.5 g of soil was taken after passing through
fine mesh(no.70)and placed in a 250 ml comical flask., 10 ml
of 1 N KéCrzO7 solution was then pipetted in the soil, and
the two were mixed by swirling the flask. Then 20 ml of cone
32804 vas added and mixed by gentle rotation to ensure
complete contact of the reagent with the soil. The mixture
was allowed to stand 30 minutes. A standardization blank was
run (without soil) in the same way. The solution was then
diluted to 200 ml with distilled water and 10 mi of 85%
phosphoric acid, 3 ' drops of diphenyleamine indicator was
added and the solution was titrated with 1 N ferrous sulphate,
Near the end point the colour became deep violet blue and at
this stage Pe So4 was added slowly with comstant shaking. At
the end point the colour of the solution changed to green. The

percentage organic carbon present in the soil was then
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calculated as follows ¢
Since 1 ml of 1 N potassium dichromate corresponds

to 3 mg. of carbon.

.o. %C (Organic)s B-SIOQOOEX !00

B = ml FeSo, in blank titration

4
S =ml FeSo4 in sample
¥V = weight of the soil sample
The organic matter preaent in the soil was
calculated out from the percentage organic carbon as
follows :
Organic matter = % organic carbon x 1.724 where

1.724 is a comstant factor (Jackson,1958).

Eptimation of nitrogen of goil %~
Kjeldahl method was followed for the estimation of

nitrogen of the soil samples (Jackson,1958). For each

sample 10.0 g of s0il was taken after passing through

(100 mesh per in) sieve in to a 300 ml. Kjeldahl digestion
flask. 20 g of Na2804 plus catalyst digestion mix were then
added. 35 ml of Conc H2804 was also added and the digestion
was followed on the Kjeldahl digestion rack with low flame
for the first 10 - 30 minutes, until fpothing stopped and
then gradually more strongly until the sample was

completely charred. The flask was rotated at intervals and
heating was continued until the organic matter was destroyed
and tﬁe gsolution was cleared. At the end of the digestion
when the colour of the solution turned yellow green, the
heating was stopped and the flask was allowed to cool, 200 ml
of distilled water was added and the solution was cautiously
mixed. The solution was then ready for the determination of
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ammonium content by distillation.

The solution was then poured into the Kjeldahl
distillation unit held at 45° angle with condenser and
was allowed for distillation: 25 ml of 4% boric acid was
taken into a 250 ml conical flask and 4 drops of bromo-cresol
and methyl red indicator were added. The flask was placed
at one end of the c&ﬁdenéer fitted with a receiver tube.
The tube was placed in the flask so that its end was below
the surface of the boric acid in the flask. After the
solution was poured into the distillation flask 40% NaoH
vas poured tilli the solution turned brown in colour and was
allowed for distillation till the conical flask received
125 ml of distillate.

The boric acid was then back titrated with N/14
Hel. At the end point the blue colour of the solution
disappeared and the solution turned pink in colour.

The percentage of Nitrogen was then calculated as
detailed below

% Nitrogen = (T - B) x N x 1§i—

when = Jample titration, ml standard acid

T
B = TDblank titration, ml standard acid
N = Normality of standard acid

3

= Sample weight, .

vhere 1«4 is a constant fractor.
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The experimental findings are represented in the
following exrder 3
1. Quantitative assessment of the pepulation of fungi,
bacteria and actinomycetes from so0il under different pine
plantations and at different sampling periods during
1976~1977 and 1977~1978 are represented in the Figs.(1-5)
and the statistical analyses for the same are depicted in
the Tables (1-6).
2. Records of the percentage relative abundance and
percentage frequency of fungal species isolated at different
sampling periods during 1976-1977 and 1977-~1978 under
different pine plantations are given in the Tables
(7-11, 17-18) and Figs. 6-12. Statistical analyses for the
same are depicted in the Tables (12-16, 19-20).
e Distribution of the different fungal species in
different measons (B.g. summer, rainy and winter) during
1976-1977 and 1977-1978 under different plantationa, on the
bagis of percentage frequency are tabulated in the
Tables 21-24.
4, Moisture content and pH of the soil during different
sampling periods under different pine plantations during
1976=1977 and 1977-1978 are givea in the Tables (25,27,29,31)
and the statistical analyses for the same are depicted in
the Tables (26,28,30,32).
5. Meteriological data during the course of studies are
depicted in the Fig.13.
6. Relationship between 002 evolution, dehydrogenase

activities, total number of microbial population and other
physico~chemical properties of so0il of 1970 pine plantation
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during 1977-1978 are depicted inm the Table (33) amd
Figs. (14-15).

t. Quantitative asségg!ogt of the population of fungi,

bacteria and actinomycetes from the goil ferent pin
plantations during 1976-197% -

The fungal population ef the soil under different
pine plantations during 1976-1977 exhibited almoat a similar
picture (Fig.1). It was observed that the fungal population
in the soil of 1955 and 1965 plantations increased in the
beginning (i.e. in the month of April-May) and a sudden
fall in the population was reéorded thereafter (Fig.1).

In both 1955 and 1965 plantations the soil fungal
population exhibited an inmereasing trend from the
nonth of July onwards upto October and decreased thereafter
till January (Fig.1). An increase, however, was again
recorded from February to March. In both the plantations
least fungal population in the soil was recorded in the
month of June, though im the month of January the population
remained very low. Higheat fungal population was recorded

in the month of October in both 1955 and 1965 plantations.

The fungal population in the soil of 1970 plantatien
_degreased in the beginning and the same trend continued
from the month of April to July whereafter the population
increased and it continued upto the month of October. An
abrupt fall in the fungal population was recorded upto the
month of January and gsubsequently the population increased
(Pig.1). The least fungal population in this plantation was
recorded during the months of June and July. Th

fungal population was recorded in the month g
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It is observed from the present investigation
that effect of different altitudes on the soil fungal
population was not remarkable., The fungal population in
the s0il of both the 1961 (high and low altitudes)
plantations exhibited almost a similar pattern (Fig.t).
The population decreased from the month of April to June
and subsequently increased upto the month of October.
Again, the population dropped from the momth of November
to Pebruary and increased thereafter. In both the plantations
the least fungal population was recorded in the month of
June and the highest figure was obtained im October.

Statistically no significant variations were
observed in the soil fungal population between different
plantations studied during 1976-1977 but significant
veriations were observed in the fungal population during
different months (Table 1).

Bacterial population in the s80il of 1955 and 1965
plantations during 1976-1977 exhibited almost a similar
plicture. The population in the beginning (i.e. April-May 76)
increased in both the plantations and subsequently
decreased upto the month of July except in the 1965
plantation where the population increased during the month
of July. In both the plantations the bacterial population
exhibited a decreasing trend from the month of September
to January and thereafter the population increased. In
both the plantations the least bacterial population was
recorded during the months of November to January. The
bacterial population of soil was appreciably high ia the
month of September, (Fig.2).



In 1970 plantation also the bacterial population
increased in the begimning (i.e. April-May) and thereafter
a sudden fall in the population was recorded upto the
month of July. The population subsequently increased and
the peak was noted in the month of September. The
population dropped from the month of October and the
decreasing trend continued upto the month of January and
thereafter ik increased. The least bacterial population
vwas recorded in the month of December, (Fig.2).

It was observed that there was not much effect of
different altitudes on the soil bacterial population as
the population exhibited a similar trend in both 1961
plantations on high and low altitudes (Pig.2). 4 low count
was obtained in the months April-July.and October-January.
The peak population was recorded in August (Fig.2).
Statistically there was no significant variations in the
bacterial population of different plantations, significant
variation was, however, noted in the bacterial population
of different months (Table 2).

Actinomycetes population of the soil in all the
plantations exhibited almost a similar pattern of variation.
The peak was recorded in the month of September in all the
plantations (Pig.3). The population dropped during the
months of June and July in all the plantations except in
1965 plantation where an increase was recorded. In all the
plantations there was an increasing trend im the
actinomycetee population from the months of February -
March, though fairly low count was obtained during the

months of November ~ January.



39

Statistically no significant variation in the soil
actinomycetes population was observed between different
plantations, but significant variation was observed in
different months (Table - 3).

The fungal population of the soil of 1955 amd 1970
pine plantations studied during 1977-1978 exhibited almeost
a similar picture (Piv.4). Surprieingly there was not much
variation in the quantity of soil fungal population in
these two plantations during the course of investigation
(Figs. 1 and 4). It was observed that the fungal population
in the soil of both the plantations showed an increasing
trend from the beginning (i.e. from the month of June to
September) and a sudden fall in the population was
recorded in the month of October and thereafter the
population increased upto the month of November and it
dropped again till January. An increase in the population
was marked again upto the month of February whereafter it
remained almost same. The least fungal population was
recorded in the month of October and peak was noted in the
month of September 1977 (Fig.4).

During 1977-1978 statistically a significant
variation was observed in the fungal population of soil
begween two different pine plantations unlike that of
1976-1977. A significant variation in the population was
also recorded between different sampling periods (Table 4).

The bacterial and actinomycetes population in the
soil of 1955 and 1970 pine plantations during 1977-1978
exhibited a similar trend (Fig.5), but a substantial
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increase in the population of bacteria and actinomycetes
was observed during the second year of studies (Fig.5).

The population of bacteria and actinomycetes which
was low in the beginning (i.e. from the months of May - June)
in the soil of both the plantations abruptly increased in
the month of August. Thereafter, the population of bacteria
and actinomycetes in both the plantations declined and the
least population was attained in the month of January 1978
(Fig.5). An increase was again recorded after this fall.

Iike 1976-1977, statistically no significant
variation in the population of bacteria and actinomycetes
was recorded between the two plantations during 1977-1978
also but a asignificant variation in the population was
recorded during the different periods of sampling (Tables 5-6).

2. Percentage relative ab e and fr

ecie er different pine plentations during 1976-1978 :-

Sixteen fungal species, viz. 6 phycomycetes,

1 ascomycetes (unidentified), 1 sterile mycelia and 8 members
of fungi imperfecti were isolated from the soil of 1955
plantation during 1976-1977 (Table 7) where as only eight
species were iaolatcd,tron the same pine stand during

gecond year i.e. 1977-1978 (Table 17).

Absidia cylindrospora, Bythium sp and Irichoderma
viride were isolated with high frequency and with fairly
high population than any other fungal species during
1976-1977. gxthigg shovwed maximum population (according to
percentage relative abundance) in the soil at different

samplings (Fig.6). However, Irichodermg viride was recorded
as dominant fungus aecording to percentage frequency
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(Table 7). Other fungal species recorded occured sporadically.

Similarly Absjdia cylindrospors, Circinells sp, Rithium sp,
Ehoma humfcela and Irichoderma viride were isolated regularly
with high population in 1977-1978. Pythium sp and Irichoderma
yiride exhibited the maximum population at different samplings
(Pig.11). Absidia cylindrospors and Trichoderms viride
were, however, .recorded as dominant fungi according te
percentage frequency (Table 17). Other fungal species
occured sporadically. Statistically significant variatiom
vag observed in the percentage relative abundance between
different fungal species isolated during 1976-1978
(Table 12, 19).

Fifteen fungal species, viz., 5 phycomycetes,
{ ascomycetes, 1 sterile mycelia and 8 members of fungi
imperfecti were isolated frem the soil of 1965 plantation

(Table 8). Absidia cylindrospora, Pythium sp, Irichoderma

viride and Penicjlliium chrysogenum were observed with high
frequency and with high population at different samplings

(Fig.7). However, Pythium sp was maximum in the soil (Fig.7).
According to the frequency of isolation, Pythium sp,
Penicillium chrysogenum and Irichoderma viride were dominant
fungi while the other fungal apecies isolated occured
sporadically (Teble 8). Statistically significant variation
was observed in the percentage relative abundance between
dif ferent fungal species isolated (Table 13).

Fourteen fungal species, viz., 4 phycomycetes,
1 ascomycetes, 1 sterile mycelia, 1 unidentified fungus and
7 fungi imperfecti were isolated from 1970 plantation during
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1976-1977 (Table 9) where as the. fungal species isolated
from the same plantation during 1977-1978 were thirteen
(Table 18). Absidis cylindrospora, Rythium sp, Irichoderme

viride and Penicillium chrysogenum were frequently isolated
with fairly high population threughout 1976-1978 (Figs.8 &12).

Phoma humicola which was frequently isolated during 1977-1978
with high population (Fig.12) was recorded in the previeus
year with less population (Fig.8). Absidis ¢ylindrospera
and Penicfllium chrysogenum were dominant soil fungi in
first year (Table 9). In second year Abgidis cylindroppera
Eythium sp, Phoms humicolg and Irichoderms viride were
dominant species of this plantation (Table 18). Other
species eccured sporadically.Statistically aiéniticant
variation was observed in the percentage relative abundance
between different fumgal species isolated during 1976-1978
(Table 14 and 20).

Almost aimilar ferms of fungi were isolated from the
s0il of 1961 plantations raised at high and low altAtudes

(Tables 10,11). Abgidis cylindrospora, Pythjum sp,

Irichoderms viride and Pemicillium chrysogenum were moved
with high frequency and with relatively higher population

from both the stands (Fig. 9,10). Pythium .8p wes imoelated
with meximum population at different samplings frem both
the plantations. Irichoderma viride was dominant funghs in

both the stands (Table 10,11) whereas Abgidie gylindrospers
and Pythium sp were dominant in seil of high althtude

only (Table 10).

Statistically significant variation was observed in
the percentage relative abundance between different fungal



species isolated frem both th04 §lantation- (Tables15,16).

in pine plantations during 1976-1978 -

eteg -~ This clasas was represented by

b W A USR]

8 gemera (Tables 21-23), Most of the genera were distributed
in all the three seasons (i.e. summer, rainy and winter).
Their distribution, hewever, was not similar in all the
plantations during 1976-1977. The éistributien of Pythium sp
and Abgidis cylindrospera duriang rainy and winter seasons
was very high according to their percentage frequency
(Tables 21-23). Mucor hiemalis was almost absent during
summer secson except in the soil of 1970 plantation.
Cunninghamella echinulatsa was recorded appreciably in high
percentage during rainy season but it was altogether absent
from the soil of all the plantations during the winter
season (Tables21-23), in 1976«1977.

During secend year of investigation the phycomycetes
was represented by six genera (Table 24) out of which only
two species Absidia cyvlindrespors and Pythium sp were
distributed with 100 % frequency during the summer and
rainy seagons in both 1955 and 1970 pine plantations.
Another fungus of this class Circinella sp was distributed
in the solil of 1955 pine plantation dufing all the three
seasgons in 1977-1978 with fairly high frequency, but it was
abgent from 1970 plantation. Other three species like Mucor
hiemalis, Actinomucor sp and Cunninghamells echinulata were
isolated but they difrero&p%heir frequency distribution.
They were isolated with very low frequency during 1977-1978.



Agcomycetes - This cl&adé of fungi were very rare
in the seil of pime forest of Meghalaya. Some members of
this class were isolated occasionally but their relative
abundance and percentage frequency were low., Only two
genera, viz., Thielavia sp and Chaetomium globosum were
sometimes isolated and that too they were restricted in
the soil of only two to three pine plantations (Tables21-23).
Another unidentified ascomycetes was igolated from the soil
of 1961 pine plantation on high altitude with only 33.3 %
frequency.

Thielayia sp was isolated from the soil of 1961
pine plantation on high altitude only during summer and it
wvags altogether absent from other plantations during this
season. Chaetomium globosum was isolated from the soil of
1965 and 1970 plantations with only 25 % frequency during
rainy season and it was absent during other seasons
(Tables 21-23). Though some of the fungal species of this
class were isolated from the seil during 1977-1978, they
were not equally distributed in all the plantations in the
different seasons. Only four species, viz., Thjelavia sp,
Chaetomium globosum, Gelasinospora sp and Sordaria sp with
low percentage frequency were cultured (Table 24).

Deuteromycetes - This class was represented by
nine genera (Tables 21-23) out of which Irjichoderma viride

and Penicillium chrysegenum were noted with high frequency
in all the three seasons in 1976-1977. Another fungus

Phoma humicols was also recorded from the soil of almost
831 the plantations during different seasons with fairly

high percentage frequency (Tables 21-23).
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During -1977-1978"%he :class deuteronycetes was
rnprouan%od by only four species amongst which Irichodeyme
viride was isolated from the soll of both 1955 amd 1970
plantations with 100 % frequency during all the three
seasons. Phoma humicola was isolated from the soil of
both 1955 and 1970 plantations during all the three
seagsons with high percentage frequency. Penjieillium
ghrysogenum was isolated from the soil of 1970 plantatiom
during all the three seasons with high percentage
fregquency but it was totally absent from the soil of 1955
plantation (Table 24). A aterile white mycelia was isolated
with 50 ¥ frequency in the goil of 1970 plantation during
summer. It could not, however, be isolated from the soil

of 1955 plantation during 1977-1978.

4. t content H of th i 6~-1978 3~

The moisture content of the soil in all the
plantations was sufficiently high during the months of
May-December (Tableas 25 and 27) and thereafter the value
vas low. Statistically moisture content of the soil varied
significantly between plantations and also between
different sampling periods during 1976-~1977, (Table 26).
There was, however, no significant variation‘in the moisture
content of the s80il between 1955 and 1970 pine plantations
during 1977-1978. The moisture content varied significantly
between different sampling periods (Table 28).

The average pH value of the soil im all the
plantations was above 6,00 during 1976-1977 except im 1965
plantation where this value was 5.88 (Table 29), Statistically
no significant variation was obtained in the pH of the soil
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between plantations and between different sampling periods
(Table 30) during 1976-1977.

Almost similar result was obtained for the pH eof
the soil during 1977-1978. The average pH value of the
8eil of 1955 plantation was observed to be above 6.00
in 1970 plantation (Table 31),

Statistically no significant variation was obtained
in the pH of the soil between plantations but significant
variations were obtained between sampling perieds during

1977-1978 (Table 32).

5. Relationship between 002 evolution, dehydrogenage
activities, total microbial population and other physico-
chemical properties of soil of 1970 pine plantation gtudied

during 1977-1978 :-
Statistically no correlation between dehydrogenase

activities and total microbial population ef the soil was
observed, (Pig.14 and Tabdble 33),

There was an abrupt fall in the dehydrogenase
activities with an increase in the total micrebial
population in the month of August thereafter a fall in the
total mierobes was observed, and this fall in the population
continued upto the month of November but the corresponding
dehydregenase activities of the soil during the period
gradually incressed (Fig.14). The sddition of glucose to
the seil ag subastrate substantially increased the dehydrogenase
activities of the soil (Fig.14), and the values for the
gimultaneous measurements of dehydrogenase activities of
#0il with glucose and without glucose was found to be highly
correlated (r = 0,949, P<£0.001), (Table 33).

From this experiment statistically a positive
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correlation ceuld be observed between carbon-dioxide
evolutiorn and total microbial peﬁnlation of the soil since
the values Sor the simultaneous measurement of Co,
production and total microbial population was found to be
highly correlated (r = 0,732, P £ 0.01), (Table 39).

With an increase in the total microbial population
corresponding increase in the COZ‘QVDlutibn from the selil
was observed during the months of July-August and again
wvhen total microbial population of the soil declined during
the months of September to January there was a corresponding
fall in the evolution of Co, from the soil (Fige14). The
peak in population was recorded in the month of August

when the Co, evolution from the soil was also maximum
(Pig.14).

Statistically no correlation could be established
between dehydrogenase activities and 002 evolution from the
seil (Pig.15) and (Table 33),

From the present investigation, the dehydrogenase
activities of the so0il seemed to be influenced more
profoundly by moisture content of the so0il as the values
of the measurements of the dehydrogenase activities and
moisture content of the soil was found to be negatively
correlated ( r = -0.764, P < 0,01 ) (Table 33). The effect
of moisture content on 002 evolution rates were apparent
(FPig.15) but no statistical correlatien was observed
between the parameters (Table 33 ). The pH of the soil did
not influence 002 evolution in this forest, though there
was significant difference in the soil pH during different

seasons, but 1t influenced the dehydrogenase activities of
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the seil.

Statistically a significant correlation was
observed between the soil pH and dehydrogenase activities
as the values for the simultaneous measurement of seil pH
and dehydrogenase activities were found to be significantly
correlated (r = 0.696, P£.05), (Table 33).

Organic matter content of the seil did not
influence 002 evolution, dehydrogehasc agtivities and
microbial population. 82 the soil (Fig.15) and no
correlation was found between the parameters (Table 33).

So0il nitrogen did not influence Coz evolution,
dehydrogenase activities and total number of microbes. No

correlation was observed between these parameters. (Table 33).



Figure 1 : Seasonal variation in fungal
population of s0il in different
pine plantations studied during

1976 - 1977.
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Figure - 2. Seasonal variation in bacterial
population oFf goil in different pine

plantations studied during 1976-1977.
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Figure - 3 : SYeasonal variation in actinomycetes
population of soil in different
pine plantations studied during

1976-1977.
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Figure ~ 4 : Seasonal variation in fungal
population of soil of two pine
plantations studied during

1977-1978.
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Figure - 5 : 3easonal variation in bacterial
and actinomycetes vopulation of
soil of two pine plantations

studied during 1977-1978.
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Figure -~ 6: Seascnal variation in percentage
relative abundance of various fungal
species, isolated from the soil of
1955 pine plantation during 1976-1977.

.= abgidia cylindrospora

= Circinella sp, 3 = Liucor hiemalis,

it

Cunninghamelle echinulata,

It

Pythium sp., 6 = Phoma humicola,

1

2
4
5
7

1

Trichoderma viride, 8 = ispergillus

niger, 9 = Penicillium chrysogenumn,

10 = Gliocladium rogeum, %% = Verticil-

lium sp, 12 = Cladosporiuvm herbarum,

13 = Fusarium sporotrichoides,

14 = Sterile white mycelia.
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Figure - 7: Seasonal variation in percentage
relative abundance of various fungel
species, isolated from the soil of

1965 pine plantation cduring 1976-1977.

1 = absidiz cylindrospora,2 = Mucor
hienalis, % = Zy,orhvnchus Sn.

4 = Cunninghamella echinulata,

5 = Pythium sp. 6 = Chaetominm globosum,

7 = Phoma humicola, 8 = Trichoderma viride
9 = Penicilliunm chrysogenuii, 10 = Sconula-

riopsis sp., 11 = Gliocladium roseum,

12 = Verticillium sp.,13 = alternaris

tennuig, 14 = fusarium sprobrichoides,

15 = Sterile white myceliea.
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Figure -~ 8 : Seasonal variation in percentage
relative abundance of wvarious fungal
species, isolated from the soil of
196 pine plantation during 1976-1977.

1 = absidia cylindrospora,

= Circinells sp., 5 = Mucor hienalis,

2
4 = Pythium sp., 5 = Chaetomium

globosum, 6 = Phoma humicola, 7 = TIri-

choderma viride, 8 = aAspergsillus nizer

9 = Peniciliium chrysogenum,

10 = Yerticiliium sp.,11 = {ladosporium

herbarum, 12 = Fusarium sporotrichoides,

13 = Sterile white mycelia.
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Seasonal variation in percentege
relative abundance of various fungal
species, isolated from the soil of
1961 (hizh altitude) pine plantation
during 1976-1977.

+
L

1 = absidia cylindrospora, 2 = Rhizopus

nigricans, 3 = Qunninghamella echinulata,

4 = Pyvnium sp., 5 = Thielavia sp.,

6 = Phoma humicola, 7 = Trichoderma viride,
8 = aspergillug niser, 9 = Penicillium

chrysogenum, 10 = Verticiliium sp.,

11 = Fugarium sporctricnoides,

12 = Sterile white mycelia.
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Figure - 11: Seasonal variathdon in percentage
relative abundnace of various
fingal species, isolated from
the soil of 1955 pine plentation
during 1977-1978.

1 = nbsidia cvlindrospora,

2 = Circinella sp., 5 = Cunninghamellsa

echinulata, 4 = Pytnium sp.,

5 = Gelasincspora sp., 6 = Sordaria sp.
7 = Phoma humicola, 8 = Lrichoderma

viride.



by 2INITd

«——SQ00Id43d 9NITdWVS——

84 L 8L Ll 8L LL
VWATANOSVI W VNRIrGNOSVI[W YW ONOSVYI TN

llnlii.‘

JONVANNEY 3AIVI3Y 39VINIADYH3d



Fisure + 12 ¢ Sessonal variation in percentage
relative abundance of yarious fungal
specieg, isoleted from the soil of
1970 pine plantation during 1977-1976.

1 = abgidie cylindrospora, 2 = #UucCor

hiemalis, 3 = acltinomnucor sp.,

4 = Cunninghasmella echinulata

5 = Pythiun sp., 6 = Thielavia sp.
7

Chaetomium globosum, 8 = Gelasinos-

i

pora sp., 9 = Phoma humicola,

10 = Trichoéerma viride, 11 = Fenicillium

chrysogenum, 12 = Uliocladium roseum.
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Figure - 14 : Relationship between total nuwaber
microbes, carbon dioxide evolution
dehydrogenase activity of the soil
1970 plantation studied during

1977-1478,
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Figure - 15

rRelationship betveen organic matter
content, carbondioxide evolution,

denhydrogenase activity and noisture
content of the soil of 1970 planta-

tion studied during 1977-1978.
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A perusal of the tabfes 1-3 and 5-6, suggests
that statistically no significant variation was observed
in the soil microbial pomlation (Fungi, bacteria and
actihomycetes) between different age groups of pine
plantations due to the insignificant variation in the pi
of the soil between different plantations (Tables 30,32).
t'his may be also due to almost a sinilar type of the soil
irrespective of different age groups of Pine stands.
Further a thick uniform slowvly decom,.ceing layer of
surface litter remains throughout the year in all the
plantations which conceivably buffers the underlying
mineral horizons against rapid change and acts as nul-
ching and the source of nutrients to the microbes. The
condition which might have checked the poﬁulation
variation between different plantations. Jones and
Richards, (1977) in their studies of the changes-in the
soil microflora of dry sclerophyll forest sites in South-
East Queensland following reafforestation with exotic pines
also ghowed no significant changes in bacterial or actiano-
nycetes population densities between different age groups
of pine plantations. they found however, that the nuwmbers
of fun:: increszsed rapidly to 4.3 x 105g-1,15 years after
planting, ard remained at this level thereafter.

The significant seasonal changes was observed in
the fungal, bacterial and actinonycetes population of
the soil of this region (Figs.1-5:and Tebles 1-6). Ex-
treme climatic fluctuations observed during the two

years course of investigation mighdé have exerted variation
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in the soil microbial population at different sampling
(Fig.13). ¥Wright and Bollen (1961) while working on
microflora of Douglass fir forest soil, observed that there
vas extensive monthly fluctustion in mumber of microorganisas
and the latter greatly increased during the rainy periods
and decreased during drought. A low count of fungi, bacteria
and actinomycetes was observed during November to January
(Pigs.1-5). During this period the maximum and minimum
temperature of atmosphere ranged between 18% ~ 15% and
119c ~ 5% respectively with very scanty rainfall (F15.13).
Sugh con&itions perhape did not prove conducive for the
growth of microbes in soil. Comparatively high counts of
fungi, bacteria and actinomycetqs vas observed during the
months of May, August and September when rainfall and the
temperature were conducive for the growth of soil microbes
(Figs.1-5). Low counts in the soil microbial population
again during the months of June and July, may be explained
in the light of high rainfall during these periods, which
might have leached the available nutriemts (soluble forms)
from the upper horizon of the soil (from which the counts
were done) to lower hbrizon and thus affecting the soil
microbes in the upper horizon (Fige.1-5). Such a low
microflora was also observed in case of two forest localities
of this region by Mishra et 2l (1977) and they suggested
that this may be due to washing away of the plant material
from the slppes along with rains during the periods.

Wakeman (1952) indicated that the distributiom of
microorganisms in the s0il is controlled by numerous
ecological factors, comprising climatic or atmospheric,
edaphic or soil, and biotic or living.



o1

Barlier work?ra have shown that fungi flourish in
acid soils and bacteria in alkalime. Later workers, vig;
Jensen (1931), Warcup (1951), Saksena (1955), Dwivedi (1959)
and Mishra (1964) have reported the occurence of fungi in
good number both in acidic and alkaline soils., Williams
et a1 (1971) suggested that some group of actinomycetes
are more wide spread im acid soilis. Warcup (1951)
distinguished two main groups of fungi ~ those occuring
in acidic soils and those preferring alkaline soils. Most
fungi have the optimum growth at neutral reaction or
slightly on the acidic side (Hall, 1933; Howker,1950). An
initial pH of 5 - 6 is satisfactory (not mecessarily optimum)
for the majority of the fungi (Lily and Barmett,1951).
Apparently it was suggested that pH of the soils was aot
a factor comtributing to mycofloral changes (Menom and
Williams,1957), It is evident tfrom the above description
as well as from the result depicted in the tables that
slight variations in soil pH, did not exert any remarkable
influence om the microbial population (Tables 29,32).
Goodfeilow et al (1968) also could not eatablish any
correlation between bacterial population, pH, temperature
and percentage moisture content of a pime forest soil by
dilution plate counts.

Saksema (1955), Dwivedi (1959%, Mishra (1964) and
mishra et al (1972) found a direct correlation betweeam
moisture conteat of soil and fungal population while Ghosh
and Dutta (1960) could not establish such correlation.

However, from the present study no correlation was
found between fungi, bacteria, actinomycetes amd moisture
content of pime forest of this region. The methods employed
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for counting are probably not sufficiently sensitive to
detect correlations. Jonea and Richards (1977) concluded
that changes in the s0il mycoflora of Pine are caused
partly by some other factorpassociated with pines, and not
8imply as a result of their influence on litter. The rate
of accumulation and breakdown on the plantation floor are
also likely to influence the microbial population. He also
observed a large seasonal fluctuation in the population
of major groups of sokl microbes in different pine
plantgtions.

Not much variation was observed in the quality of
soil Tungl. of different plantations (Tables 7-11).
Similar nature of the soil of all the plantations may be
responsible for such similarity. The spread of slowly
decomposing surface litter on the forest floor of all the
plantations also contribute for this similarity. Widespread

occurence of Absidia cylindrospora, Pythium sp. and

Cunninghamells echinulata during summer and rainy seasons
suggests that they remain passive during other season and

on the onset of summer and rain they become active soil
saprophytes and colonize more profusely the dead organic
matter on soil (Tables 21-24). However, their higher
incidence #n soil during summer and rainy season can be
explained on the basis of increase in the soil moisture
content due to higher rainfall from the month of May to
August (Tables 25 and 29). During these months more
soluble nutrients were perhaps available due to increased
decomposition of pine litter. Me-Iaughiin (1947), too, has
shown that the frequency of isolation of Pythium from seil
is strongly correlated with high soil moisture content.
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Barton (1960) has shown a direct correlation between the
@aaprophytic éolonization of substrate in soil amd moisture
content by Pythium mammilatum.

Barlier workers, viz; Waksman (1917), Paine (1927),
Galloway (1936) and Dwivedi (1959) suggested that
mucorales and other genera of phycomycetes are generally
_legs common in grassland egoils but are abundant in foreat
soils, Christensen et gl (1962) also isolated several
species of phycomycetes particularly Absjdia sp. from the
s0il of Wet-mesic forests in Southern Wisconsin. Widden
and Parkinson (1973) also isolated regularly Absidia,
Mucor, Zygorhynchus and several other species of
Phycomycetes from the soil of zzggg Lesinosa, Pinus

banksiana Pinys strobus and Pinus contorta plantations.
Mishra and Kanaujia (1973) isolated regularly Abgjdia and

Mucor from the rhizospheré and nonrhigzosphere sdil of
seven gymnosperms, of whiech Pinus longifolia wgs ome.
Vaartaja (1975) reported a widespread occurence of
Pythium sylvaticum in Canadian forest nurseries and the
fungus was more common in forest soils of Pinus reginosa,
Though the class ascomycetes and basidiomycetes
play an important role in the decomposition of organic
matter especially in forest soils and although several
hundred spp. of the group are present im soils, their
isolation is 80 difficult that our .knowledge of the
hyphal growth and distribution in different kinds of
habitats is sparse, During the present investigation the
class ascomycetes was very poorly represented from the

pine forest soil which suggests that either the technique
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employed was not sufficientiy sensitive for their isolation
or they may not have succeeded in finding a place in the

plates due to presence of the fast growing forms lixe

irichogeyrma viride and Penicillijum sp., Absidia
gy¥lindrogpora and Ppthium sp.

The majority of the colonies and species isolated
belonged to the class deuteromycetes (Tables 7-11 and
17-18). Members of this group are pronounced cellulose
decomposer which multiply and grov im soil witan organic
matter. In the forest soil with enough organic matter
the presence of this class of fungi is well expected.

Irichoderma virjde and Penicillium chrysogenum
were repeatedly isolated from the soil of almost all the
pine plantations and they were present in the soil
throughout the year (Figs.6-12). This suggests that these
species are the active cellulose decomposer of this forest
80il whoge growth is being supported by the presence of
uniform surface litter throughout the season.

The genus jgspergillus was represented very poorly
and also could not be isolated from all the plantations.
This is in accordance with the earlier views that
Aspergilli are abundant in warmer regions of the world
and Penicillis in colder regions (Jensen,1931 and
Garrett, 1956). Since the atmospheric Femperature of this
region remains very cold from November to Jamiary the
above proposition is well documented (Fig.13). Irichoderma
viride was reported by Warcup (1951) to be common in
acidic soils which is in agreement éith the present study.
mishra (1964) also. isolated this genus repeatedly from
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waterlogged acidic soila. The forest soil being acidic,
$he growth of Irichoderma viride in the area is logicﬁl.
Jones and Richards (1977) also noted that Penicillium and
Trichoderma sp. were much more common in the soil of pine
Plantations than in native forest soil of southeast
Queensland.

Fuparium gporotrichoides though isolated during
present investigation, was practically noted as rare species.
The acidic nature of the pine forest s0il probably did not
favour the growth of this species. Several vworkers have
also reported that Fugarjum does not exist or survive in
coniferous soils (Park, 1954; Smkth, 1967; Toussoun et al
1969). Freddi et al (1975) confirmed that presence of some
toxic acids in the pine forest soil is partly responsible
for the absence of Fusarium sp. from these soils. During
the present investigation several types of phytotoxic
compounds were detected from the decomposing litter of
Pinup kesiva which probably inhibited the growth of such
species.

From the biochemical studies, statistically no
correlation between dehydrogenase activities and total
microbial population of the soil was observed (Fig.i4,
Table 33). This suggeats that the two parameters are
governed by different environmental factors. Stevenson
(1959) also could not correlate dehydrogenase activity
and bacterial numbers. However, he noted that two
parameters were parrallel during decomposition of flax
residues added to one of the soils. Hirte (1963)and
Gilot et gl (1967) also did not find anmy such correlation
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In the past few years a number of investigators

in other soils.

have devoted considerable time to the development of
enzymatic teste for determining microbial activity in
8oil. However, in most instances no relationship could be
found between the enzyme tests and total number of
microorganisms (Drobnik et al 1955; Koepf, 1954).

Ross (1973) also studied dehydrogenase activities in hard
beech forest soil and could not establish any significant
correlation with numbers of viable bacteria.

A substantial increase in the dehydrogenase
activities was observed in the so0il by addition of glucose
as a substrate (Fig.14). This indicates that the presence
of carbohydrates (glucose) in the soil can markedly
influence the microbial matabolism in natural condition
by increasing the efficiency of the enzyme system. This
result is in agreement with the findings of Galstyan (1964);
Kiss et al (1965); Thalman (1968); and Ross (1970).

Statistiéally a positive correlation betw&on Coa
evolution and total microbial populatior of the s0il was
observed (Table 33). This suggests that the quentity of
002 evolution from the soil is partly dependent on the
quantity of microbes present per unit area and also on
the quantity of substrate degraded by the action of
microbes in the soil. Earlier worke of Witkemp (1966)
and Bauzon et al (1969) also indicated a positive
correlations of 602 production with numbers of bacteris
in certain forest soils. Jung (1970), on the other hand,
found significant correlations of Co, production with fungi

in other forest soil,
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From the present investigation no correlation
could be established between dehydrogenase activities and

Co, evolution from the soil (Table 33), Both the activities

P4
aiffer significantly under varying environmental situations
at different time periods. This could not be accounted due
to the limitations of the methods under natural condition.
Schaefer (1963); Gilot et al (1967); Bauzen et al (1969)
and Ross et 8) (1970) did not find eny correlation between
dehydrogenase activity and Coz production in soils.

A significant correlation between dehydrogenase
activities, s0il moisture and pH suggests that enzynme
activities in soil is markedly influenced by certain
optimal range of pH and moisture content of a particular
field soil (Table 33). Moreover under natural conditions,
levels of dehydrogenase act¥vities of g0il may be limited
by these two factors. Ross et al (1970), also observed a
significant correlation between dehydrogenase activities,
80il moisture, and pH of s0il at New Zealand under pasture.

Though the effect of moisture content on 002
evolution was apparent from Fig.15, yet no significant
correlation was observed between the parameters (Table 33).
This indicates that either evolution of Co, from the soil
is not solely governed by moisture content of method of 002
determination under field condition, is not sufficiently
sensitive to detect any correlation. Bdwards (1975) also
could not observe any significant correlation between
moisture and 002 evolution rates of a mixed deciduous

forest soil.

Stevenson (1959) observed that microbial activity
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of soil fluctuates due to the decomposition of the

organic material and corresponding changes occur in
dehydrogenage activity and soil respiration (Oxygen
uptake and Co, evolution). In the present study no
correlation, however, could be observed between organic
matter content, 002 evolution, dehydrogenase activity and
microbial population (Table 35). The possible explanktion
for such situation may be the presence of uniform quantity
of organic matter in pine forest soil throughout the
observation and also due to the slow rate of decomposition
of organic matter in this forest (Fig.15). .

S0il nitrogen did not effect 002 evolution,
dehydrogenase activities and total number of microbes at
all (Table 33). The presence of soil nitrogen in this forest
80il remained almost uniform throughout the yesr (Table 34).
Minor fluctuation in the nitrogen content might not hage
affected the soil microbial population, 002 evolution and
dehydrogenase activities,



Chapter - 2

ECOLOGY OF LEAF SURFACE MICROORGANISHMS
OF PINE NEEDLES.



:i********************:

SRR .
: INTRODUCT ION :
* *

S .
D T T T N . 4



59

The aerial surfaces of higher plants growing under
natural conaitions are usually associated with large and
varied population of microorganisms. Some of these organisms
are able to grow extensively on the surrface of healthy
plants while others are apparently only able to grow
beyond the limitations imposed by their endogenous mutrients
vhen the tissues on which they occur bhegin to senesce or
are physically or physiologically damaged (Dickinson,1976).
The term 'Phyilosphere’ was introduced by Last (1955) to
denote the leaf surface of plants, a term analogous to
rhizosphere of Hiltner (1904). Last further advocated that
it is aleo nutritionally rich microhabitat and provides a
suitable substrate for the colonization and muitiplication
of microorganisme. Later on Dickinson (1965) used the term
'Phylloplane' for phyllosphere of Last.

‘ Contrary to a generally held belief. healthy
green leaves are superficially colonized by a colourful
array of saprophytes many of which rarely occur in other
ecological niches. The saprophytic surface flora is of
interest in different respects such as its possible
antagonistic action against plant parasites, its importance
to degrade plant waxes, to produce plant growth regulators,
to decompose plant material after leaf fall, to trigger
plants to produce phytoalexins, its toxic properties for
cattle, its role in nitrogen fixation and its function as a
source for allergenic airborne spores. However, an
understanding of their significance under field conditions
and their possible role in leaf litter decomposition demands

further research. The population of the world depends largely
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upon the production of actively photosynthesizing leaves.
Surprisingly, however, little was known of the immediate
environment. of leaves until interest was recently diverted
by progress in our knowledge of three areas; “the nature of
the leaf surfaces, the energy budget of plants and the
role played by the atmosphere as a medium in which a
variety of substances and particles is suspended.

The existence of a three membered biological
system host, parasite and saprophyte has only recently
been accepted as responsibie for events on leat surrace.
After the development of efficient trapping devices as
an aid to measure aerial dispersal of plant pathogens, it
was soon realized that recognizable spores of plant
pathogens formed.only a small part of the total load of
airborne particles, their number being augmented by spores
and hyphal fragments of a diverse array of other microbes,
pollen sréins and atmospheric pollutants. Field assessments
of the actimity of leaf surface microorganisms in vitro are
difficult to make. It is relatively easy to show in vitro
that some saprophytes can erode leaf waxes which increases
the permeability. It is, however, much more difficult to
ascertain under field conditions the role of the
saprophytes in regulating the permeability of leaf. The
same can be said of the activities of such .saprophytes in
influencing the activities of plant pathogens and their
possible role in the decomposition of leaf litter in nature.
Our present knowledge is not sufficient to trigger

avareness. Future research may enable us to manipulate these
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saprophytes in a predetermined manner.

Different methods have been used to assess
populations of leaf surface saprophytes, but none alone
has proved adequate. Generally, techniquesinvolved in
such studies are leaf washing and maceration which are
ultimately cultured on agar media. The methods are useful
and they facilitate the identification of colonies but
they rarely enable true colonizers to be separated from
chance contaminants.

The present work reports a systematic investigation
of the mycoflora of P%ne needles (glggg kesiya Royle) of
North~-Eastern India and also the population dynamics of
yeast., The findings include information regarding
succession of the microbes on needles of different ages.

The purpose of the phylloplane studies can briefly
be described as follows t-

1) To understand the presence of initial fungal
colonizers on the leaf surface.

2) To understand the source of microbes
responsible for litter decomposition.

3) To observe the pattern of fungal succession
during litter decomposition.

4) To assess the role of phylloplane microorganisms

in the litter decomposition.



:*Q* W3 2 3 303 I 36 I 3 33 i**i’:

PERE o e
* REVIEW OF LITERATURE  *
# *
- H
T 6 3 3 36 WK P I WA WK B W AW W I W W



62

Brown (1922) in his experiment on leaf surtace
elegantly demonstrated that microbes could benefit from
nutrients avallable on the surtaces of leaves. A very
great range of materials including inorganic ions,
free sugars, amino acids and growth .regulating
gibberellins have been detected in leachates. Leaf
surface saprophytes may affect the development of
pathogens by the prior stimulation of the host to produce
phytoalexing. Such a material was originally defined by
Muller and Borger (1940) as an antibiotic which is
produced as a result of the interaction of two metabolic
systems, the host and the parasite and which inhibits
the growth of microorganisms pathogenic to plants.

The interaction of leaf surface microorganisms,
is of paramount importance to understand the ecology of
leaf surface microorganisms. The balancing mechanisms
operates, however, not only between the major group of
microorganisms but also within them. Last (1955)
demonstrated that the population of the pink yeast

Sporobolomyces having previously been isolated from the

entire surface of wheat leaves wasgs suddenly found
restricted to the margins of the wheat leaves.

Ruinen (1961) on the basis of his studies of the
phylloplane flora of rainforest plante concluded that
bacteria were the firat colonizers of young leaves, and
buds were the active sites of colonization. Ageing of the
leaves results in a gradual increase of microbial cells.

Ruinen (1961) also indicated that bacterial numbers
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usually increased significantly before appreciable
numbers of yeasts and filamentous fungi colonized green
leaves. This view is generally accepted although it
lacks contfirmation.

The living leaf may be colonized by population .
of parasites and saprophytes which rorm the first stage
of the succession on litter. Examinations of living
leaves for the determination of the components of the
early stages of mycofloral succession has been carried
out by Kendrick and Burges (1962), Hering (1965) and
Hogg and Hudson (1966).

Colonization of leaf surface by bacteria, yeasts
and fungi has been a subject of research by several
investigatore. Last and Deighton (1965), Leben (1965),
Sinhe (1965) and Mangenot (1966) have reviewed such
studies.,

In the Southern hemisphere Macauley and Thrower
(1966) studied the parasitic mycoflora within freshly
fallen green leaves of Bucalyptus regnans. Hogg and
Hudson (1966) examined young living leaves of Fagus
sylvatica and found that the first colonizer, Discula
guercina (conidial state of Gnomonia errubunda) appeared
within 3 months of unfolding of the leaves., Dickinson
(1967) studied the fungal colonization on the leaf
surface of Pisum sativum. He concluded that néwly formed
leaves were not rapidly colonized by mycelial fungi.
Hudson (1968) has emphasized the value of the studies of
leaf surface fungi to investigate the mycoflora of living

leaves on the tree.
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Wardlaw (1968) observed that active bud is almost
totally dependent on other parts of the plant for nutrients,
which may be preferentially drawn into the bud. It is
poesible that some of these nutrients are available for
the growth of microorganisms in spaces which remain wet
in the bud. Davenport (1967,1968,1969) in England studied
the important role of the apple bud in the seasonal cycle
of epiphytic yeasts. The role of yeaste in the phylloplane
is very important and actually very little work has been
done on this aspect of leaf surface microbiology. Hislop
and Cox (1969) examined expanding apple buds as part of
their study of phylloplane fungi and yeasts.

In recent years our understanding of the complex
surface configuration of leaves has increased (Martin and
Juniper, 1970). The cuticuiar membrane, the external
covering of gpidermalcells now recognized to consist of
several more or less distinct layers, is of paramount
importance in determining permeability. The development of
microbes is effected in a variety of ways by physical
nature of the leaf surface. Firstly it will influence the
depth of the boundary layer which affords protection to
deposited propegules. It affecte the balance of cuticular
to stomatel transpiration and influences the reflectance
of leaf and therefore its microclimate (Last and Warren,
1972). At present little is known about the way in which
the supertficial layers of wax are developed. Rentschler
(1971) demonstrated that wax production can be stopped
irreversibiy at a relatively early stage of leaf
development by particulate polutants and fungi. The

chemical nature of the leaf surface invariably affects the
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growth and development of surface propagules. Pugh and
Buckley (1971) surveyed colonization of leaf surface by
bacteria, yeasts and fungi. An excellent survey of
research on phylloplane is represented by Preece and
Dickinson (1971) in the proceedings of a symposium
entitled ‘'Ecology of leaf surface microorganisms'.

Bailey (1971) suggested that the prior
colonization of leaf surface by saprophytes may trigger
the reiease of phytoalexine capable of decreasing the
germination and subsequent attack by pathogens. Minerals,
free sugars, amino acids, growth regulating .substances
and vitamins have been detected in leachings from plant
leaves by Tukey (1971).

Fungi in New Zealand pastures have been studied
by di Menna and Parle (1970) and McKenzie (197/1). The
effect of pollen on the leaf surface saprophytés has been
worked out by Pokkema (1971). It was noted that effect of
the pollen in the phyilosphere may be two fold : first
the saprophytic microflora present on leaves will be
levelied upto a higher density, secondliy, the infection
by some pertnotropic pathogens, if present, may be
enhanced. Stimulation will probably occur if the pathogens
exhibit certain superficial development before
penetration. The cgnsequence of pollen on the development
of plant diseases may depend on the presence of an
already established saprophytic microflora on the plant
surfaces, on which pollen lands.

Blakeman . and Fraser (1971) nave indicated that
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microbes can add to the pool of available nutrients.
They‘found that spores of Botrytig cinereg and
Mycosphaerella liguilicola leak amino acids, and
carboliydrates, a process occuring sooner with the former
than with the latter.

Little is known about the interaction of
phylloplane bacteria with other surtace colonists.
Phylloplane bacteria have been implicated with the
antagonisp of both plant pathogenic bacteria and fungi
(Crosse, 1971; Fraser, 1971) but the classification of
these bacteria has been unsatisfactory and consequently,
it is difficult to determine the identity of the
antagonists and hence estimate their distribution in the
natural environment.,

Mackenzie (1971) investigated the seasonal
incidence, and possible interrelations of parasite and
saprophytic fungi in Hyegrass and white clover pasture in
New Zealand. In. India Mishra and Srivastava (1971 a,b,c,d)
investigated the leaf surface microflora of wvarious crop
plants but no such work on forest trees is available. last
and warren (19729 studied the form and functions of
nonparasitic microbes colonizing green leaves, Bainbridge
and Dickinson (1972) studied the effect of fungicides on
the mycoflora of potato leaves from the time of shoot
emergence to leat senescence. Warren (19729 studied the
effect of pollen on leaf surface mycoflora of sugarbeet
and observed that the main colonizers grouped into pink
yeasts, white yeasts, Cladoegporium spp and Aureobgsidium
pullulans, were all influenced by the natural presence of
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pollen and reached high numbers on leaves in the plot
bearing flowers. Warren (3972 b) provided circumstantial
evidence to show that population of microorganisms
enhanced by pollen could inhibit the development of
Phoma batae on sugarbeet leaves.

Fokkema (1973) studied the antagonism. of
saprophytes against pathogens on agar plates and on
Rye leaves with pollen. The phenomenon of interaction

of Alternaria porri and saprophytic mycoflora of onion

leaves was demonstrated by Fokkema et al (1976). Fokkema
(1976) also highlightened many more phenomenon of .
antagonism of fungal saprophytes and pathogens en aerial
plant surfaces. Warren (1976) studied the controi of

population of different yeasts and Cladosporium spp. on

the leaves of maize and broadbean leaflets. During the
course of investigations of leaf surface fungi on wheat

(Triticum aestivum) Mishra and Tewari (1976) observed

that certain saprophytes inhibited spore germination of
Puccinia graminig tritici. This observation prompted them
to extend their studies to explore the possibilities of
biological controi of the rust.

Collins and Hayes (1976) studied the seasonal
incidence of microbes on the surface of first year
needles of Pinug abieg (Norway apruce) in Castle over
forest, Dimfrieshire. The saprophytic microflora isolated
from bud and needlies during first year season of growth
was characterized by a rapid increase in numbers to a
peak value shortly after needle flushing. The pattern of

succession and distribution of microtungi on attached

hS
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leaves of Hippophae rhamnoides was studied by Lindsey

and Pugh (1976 a,b). They noted the complex nature of

the leat surface with its dense covering of trichomes

and the nonrandom distribmtion of fungi. The development
of yeast Sporobolomyces roseus on wheat leaf surface

was studied under various microclimate of leaf surface
(Baghi and Fokkema, 1977). They tound that Sporobolomyces
rogeug developed on greeﬁ wheat leaves grows equally
vell in stimulated dew as under high ambient relative
humidity. Dickinson and Oponell (1977) studied the
behaviour of phylloplane fungi on Phaseolus leaves. Their
results support the suggestion that humidity is a prime
factor in determining the extent of leaf colonization.
Latch et a1 (1977) studied the fungal flora of Rye grass
swvards in Wale and found that Phoma spp were the most
commonly isolated tfungi, followed by Acremonium spp,
Cladosporium spp and Iricellulg aquatica,

Brian et al (1977) studied the antagonistic
interactions of phylloplane bacteria with Drechslera
dictyoides in vitro and vivo experiments. It was deduced
that their mode of activity included an initial
inhipition of spore germination, a retardation in the rate
of germ tube elongation and ultimately lysis of the
hyphae. Fo_ster (1977) studied the erfect of leaf surrace,
wax on the deposition of airborne propagules and concluded
that deposition of wax has significant effect in increasing
the capture of propagules from the atmosphere and in the
establishment of the phylloplane flora.

Studies on leaf surface microflora colonizing the
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pine neddles at different stages of growth and their
role in pine litter decomposition is lacking for our

country. Therefore present investigation was undertaken.
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The present investigation was carried out in
the same experimental forest where the soil microflore
was studied. The detailed description of the forest
site is given in the chapter general introduction. In
this investigation two parameters wer® ‘considered - :
(1) Dynamics of Fungal population of green and senescent
pine needleg - The erperiment was conducted for a period
of eleven months. Two pine plantations (1955 and 1970)
were selected for the collection of the needles for
isolation of mycoflora. The aim of this experiment was
to assess the mycoflora of green and senescent needles,
and the effect of ageing of the needles on the quality
and quantity of leaf surface fungi. The experiment: !. was
con@ucted in case of two age groups of plantations.
Senesacent and green pine needles from both the
plantations were collected from the month of November 76
upto September 77 at two months interval.Five trees in
each case were selected for the sampling and the needles
after random collection were mixed thoroughly in an

ageptic condition.

(2) Fungal populgtion of leaf surface of pine
needles from folding to genegcent to litter stages -

This' experiment was performed for a period of
two years till the needles entered into the litter
stage. The experiment was performed in 1970 pine
plantation only. The aim of this experiment was to
evaluate the saprophytic activity on the leaf surface
of Pine during different degrees of maturity of the
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nscdles and to assesa the pattern of fungal succession
on needles before and after leaf fall. The overall aim
of the experiment was to determine the nature of initial
colonizers on leaf surface and their role in pine litter
decomposition, under natural condition after leaf fall.

The experiment was conducted from the month of
March 1976 to April 1978. Five pine trees of equal
height were selected to collect the leaf samples
throughout the study period. From each tree, samples
were collected at random from approximately equal
height of the trees.

Five replicate samples were collected when the
needles were at dif ferent degrees of maturity after
flushing as folding (bud), unfolding (buds opened) and
young expanding green needles upto the needles which
entered into the litter stage.

The first, second and third samplings were done
on 25th.March, 25th.April and 25th.July 1976
respectively, when the needles were in foldiﬁg (bud ),
unfokxding (buds opened) and young expanding green stages.
The fourth sampling of the needles was done on
25th. November 76 when the needles were mature. Subsequent
samplings of the needles from senescent to litter atages
were done at one month interfal_for a period of sixteen
months upto April 1978 till the needles entered into
the litter stage. The samples collected from the month
of January 1977 upto September 1977 were found to be

senescent., Collection of the needles as pine litter was
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followed from the month of October 77 to April 78."
Collection of the samples - During each collection

the samples were collected in previously sterilized
Polythene bags using sterilized scissors and forceps.
The bags were properly sealed and transported to the
laboratory and the leaves were used on the same day

for the isolation of mycoflora. On a few occasions when
isolation could not be done the sameday, the sample
were stored overnight at 4°C (Ruscoe 1971). Additional
samples were collected for"the determination of moisture
content and pH.

Igolation of Mycoflora - A combination of cultural
isolation and direct microscopic methods was employed
as advocated by Dickinson (1967,1971) and Last and
Warren (1972) to get a comprehensive picture of the
microflora. At first direct microscopy of the needles
was done for several times but the fungi could not be
identified due to lack of adequate mycelia and fruiting
bodies. Only presence of spores was encountered during
the direct miqroscopy and therefore the needles were cut
into pieces aﬁd incuba?ed on the surface of Rose bengal
agar medium to enhance the growth of the fungi.

During-each isolation yeast flora of pine needles
was also considered.

For the assessment of surface mycoflora of
needles, dilution plate method was followed. Dextrose
peptone agar containing 1/20000 rose bengal and 30 Mg/lit.
streptomycin (Martin, 1950) was used for the isolation of

microfungi and yeast. Czapeks dox agar and Malt extract
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agar media were also tried but Martin's rose bengal
agar medium was found to be more suitable. Composition
of the medium is demcribed in the materials and
methods (Chapter 1).

Before preparation of the dilution series the
pine needles were cut into small pieces with the help
of .. sterilized scissorgtand foreceps in a laminar flow
chamber to avoid contamination and were mixed
thoroughly from replicate samples. In each case one g
(on wet weight basis) sample was taken in a 250 ml
sterilized conical flask containing 100 ml sterilized
distilled water. Flasks were shaken vigorously for
30 minutes by hand to detach the surface propagules.
Ten ml of the suspension was rapidly transferred in
another 250 ml sterilized conical flask containing
90 ml sterilized distilled water with the help of a
sterilized 10 ml pippete. Dilution of 1:1000 was found
to be suitable for the isolation of mycoflora of pine
needles., Separate sterilized pippets were used in
preparing each dilution.0.5 ml of 1:1000 diluted
suspension was transferred with the help of a sterilized
pippet on solid agar media. The suspension was gently
spread uniformly over the surface of the media. Three
replicate plates were inoculated in each case and the
plates were incubated in a BOD incubator at 25°C for a
period of 4-5 days. Fungal colonies including §easts
growing on to the agar were recorded with the help of a
digital colony counter and the total number of fungi
including yeast was calculated on the basis of dry
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weight of the sample taking dilution factor into
congideration. Identification of microfungi and yeast
upto generic level and wherever possible upto species
level was done following the manual of Gilman (1956),
Barnett (1972) and Subramanian (1971).

For the isolation of internal colonizers, five
pieces of pine needles for each sample were surface
sterilized in mercuric chloride solution (1/10000 with
5% industrial alcohol) for 1 min. (Hering, 1965). The
pieces were then thoroughly washed several times using
sterilized dietilled water to remove all traces of
mercuric chloride and plated on to the Martin's rose
Bengal agar. The plates were incubated at 25°C in a
BOD incubator for a period of 3-4 days after”which the
pieces of the needles were removed and teased gently
with the help of a sterilized forceps on a sterilized
glass slide and were stained with lactophenol
cottonblue and observed under high resolution of
microscopic field. In each case five pieces were examined
to observe internal fungal colonies . Counts were made on
the basis of various fungal and mycelial growth in the
needles and their colonies on the medium were identified.

The results of the dilution plate method were
represented in terms of percentage relative abundance
and percentage frequency of fungi observed or isolated.
The result of surface sterilized needles were recorded

in terms of percentage frequency only (Vittal, 1976).

Unsterildized leaf pieces were also incubated in
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sterilized moist chamber at 25°C for 2-3 weeks for
the record of fungi. This pract{ce was followed for
6 months in the beginning but the species isolated
were not different from those obtained from by
dilution plate method and hence this method was
discontinued.

pH_and moisture content of the needles -~
Moisture content and pH of the needles during different
samplings were determined by oven dry method and
electric pH meter respectively.

Meteriological observation - Atmospheric
temperature, rainfall were recorded throughout the

investigation.
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The experimental findings are presented in the
following order -~

1. Quantitative assessment of the fungal and
yeast population of the phylloplane of green and
senegcent pine needles of 1955 and 1970 plantation in
different sampling periods are represented in the Figs.
16=17. Statistical analyses of the results are depicted
in the Tables 35-42,

2. Records of the percentage relative abundance
and percentage frequency of fungal species on green and
senescent pine needles of 1955 and 1970 plantations in
different sampling periods are given in the Tables 43-46
and Figs.18-19,

3. Quantitative assessment of fungal and yeast
population from folded to litter stages of pine needles
of 1970 plantation is depicted in the Fig.20.

4, Records of percentage relative abundance,
frequency and succession of fungal species on folded to
litter stages of pine needles of 1970 plantation is
represented in the Tables 47-52. Also the records of
internal colonizeras of surface sterilized needles at
different stages of maturity is given in the Tables 53-58.

5. Records of pH and moisture content of the
Pine needles at different stages of maturity is depicted
in the table 59,

6. Climati data in the form of graph is given in
the Fig.13.
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1. Quantitative assessment of fungal and yeast
population of the phylloplane of green and senescent
pine needles of 1955 and 1970 plantation &~

The fungal and yeast population on the
phylloplane of green pine needles was observed to be
always lower than that of the senescent needles, and
this trend in the population was similar for both the
plantations (Figs.16 and 17). The fungal and yeast
population of the senescent pine needles increased
gradually in both the plantations. In 1955 plantation
the fungal and yeast population at the senescent stage
was minimum in the beginning i.e. in the month of
November and gradually the fungal population increased
and attained its peak in the month of July whereas
yeast attained the peak in the month of May. Almost
similar result was observed for 1970 plantation, where
the fungal and yeast population of the senescent pine
needles was also observed to be minimum in the beginning
i.e. in the month of November. Fungal and yeast
population gradually, increased and attained its peak in
the month of May.

The fungal population on the phylloplane of
green needles of 1955 plantation was also observed to
be minimum in the beginning i.e.in the month of November,
The population of both Micro fungi amd yeast increased
gradually and attained the peak in the months of July
and May respectively (Fig.16). Almost similar result was
obgerved for 1970 plantation too, except that the peak



in the population of fuZég and yeast on the green
needles was found to be in the month of September aml
May respectively (Fig.17).

Statistically no significant variations could
be observed in the fungal and yeast population of
green and senescent pine necedles between two
plantations and between different seasons (Tables 35,
36, 39, 40). There was, however, a significant
variation in the phylloplane fungal population between
green and senescent pine needles of 1955 plantation
(Pable 37). This variation in the phylloplane fungal
population between green and senescent pine needles
of 1970 plantation was observed to be statistically
not significant (Table 38). In both the plantations
statistically there was no .significant effect of
seasons on the phylloplane yeast and fungal population

of green and senescent needles.

2. Percentage relative abundance and freguency of
fungal gpecies on green and senescent needlesg :-

Foutteen species, viz. one phycomycetes, nine
fungi imperfecti, two sterile mycelia and two yeasts
vere isolated from the phylloplane of senescent pine
needles of 1955 plantation (Table 43) whereas only
nine gpecies were isolated from the phylloplane of
green needles (Table 44).

Penicillium chrysogenum, Sporobolomyces roseus,
Cladosporium herbarum and sterile white mycelia were

dominant species on phylloplane of senescent pine
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needles of 1955 plantation (Table 43).

It was observed that percentage relative
abundance of Sporobolomyces roseus on the senescent
needles was higher than any other species recorded
and highest relative abundance of this species was
recorded in the month of July (Fig.18). Though
Pepicillium chrysogenum,Cladosporium herbarum and
sterile white mycelia were recorded as dominant
fungal species on semnescent needles yet their
relative abundance was very low. Highest number of‘
fungal épecies on senescent needles was recorded in
the month of November and September (Table 43). Mucor
hiemalis, Aspergillus fumigatus, Geotrichum sp,
Alternaria tenuig and Yerticilljum sp occured as rare
phylloplane mycoflora on senescent needles (Table 43).

Fungal species recorded from the green pine
needles of the same plantation were Penjicillium
chrysogenum and sterile white mycelia as rare,
gporcbolomyces roseus and Cladosporium herbarum as

frequent and common species respectively (Table 44),

It was observed that Sporobolomyces roseus and

Aureobagidium pullulang appeared with high relative

abundance than any other fungal species on green needles
(Table 44 and Fig.18).

Nine fungal species were isolated from the
phylloplane of green and thirteen species from
senescent pine needlea of 1970 plantation (Tables 45,45).

Cladogporium herbarum and sterile white mycelia were
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recorded as dominant fungi of both the green and
senescent needles. From the senescent needles highest
number of fungal species was isolated in the month of
March whereas July and September yielded the highest
number of fungi on the green needles (Tables 46,45
and Fig.19).

3. Quantitative agsessment of fungal n@nd yeast

population of pine needles from folded t0 senescent

to litter stages :-

During the two years period of studies it has
been observed that the microfungal and yeast population
of the phylloplane of pine needles increased gradually
from folded (bud stage) to senescent and to those
which entered into litter gtage (Fig.20). The peak of
both microfungi and yeast was attained at the litter
stage (Fig.20). The least microfungal population was
observed on the needles at the bud or folded stage soon
after flushing, whereas the least population of yeast
was noted at unfolded stage. It was also observed that
the total number of microfungi on pine needles at its
different stages of growth fluctuated with increase in
the population of yeast.,

The moisture content of pine needles at
dif ferent stages of maturity varied. More than seventy
percent moigture content in the needle was observed
during its young stage (Fig.20). During senescent
stage the moisture content abruptly dropped even below

ten percent but it increased again when the needles
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entered into litter stages (Fig.20). It has also been
observed that the microfungal and yeast population of
the phylloplane of pine needles at different stages of
maturity responded directly to the moisture content

of the needles (Fig.20).

4. Records of percentage relative abundance, freguency
and pattern of succession of fungi on pine needles from
folded to litter stages :-

a) Percentage relative abundance and
frequency of fungl i~

Only seven fungal species viz., one ascomycetes,
three deuteromycetes, one sterile white mycelia, and
two yeast species were isolated from the phylloplane of
needles at the bud stage (Table 47). Sporobolomyces
rgseus and Penicjllium chrysogenum were found to be the
dominant (Table 47). Sporobolomyces seus, Aureobasidium
pullulans and Geotrichum sp were commonly found to be
very active at this stage.lt was observed that during
each sampling of folded needles (buds) the percentage
relative abundance of gporobolomyces roseus was higher
than any other species. The relative abundance of
Aureobagidium pullulans and Penicjllium chrysogenum
was also high during different samplings of folded
needles (Table 47). Cladogporium herbarum another very
commonly occuring fungus of thig region was found to
be a rare species on the needles at bud stage. The
relative abundance of sterile white myceliea a

unidentified fungus was also higher than many other

fungel species.
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Seven fungal species viz., four members of
deuteromycetes, one sterile white mycelia, and two
yeasts were isolated from the phylloplane of unfolded
pine needles (Table 48). Sporobolomyces roseus,
Penicillium chrysogenum, and a sterile white mycelia
were found to be dominant on the unfolded needles
(i.e. the needles just opened from a outer sheath)
(Table 48). Sporobolomyces roseus, Aureobasidium

ullulang, Penicillium chrysogenum and a sterile

white mycelia (?) were very active on the unfolded
pine needles. The relative abundance of Sporobolomyces
rogseus, Penicillium chrysogenum was found to be higher
than any other fungal species. The relative abundance
of sterile white mycelia was fairly high than the rest
of the fungi isolated (Table 48).

Only six fungal species, viz., thezee members
of‘deuteromycetes, one sterile white mycelia and two
yeasts were isolated from the young expanding green
needles (Table 49). Cladosporium herbarum, Penicillium
chrysogenum, and sterile white mycelia were found to be
the dominant on the phylloplane of young expanding
green needles. The :activities of yeast species were
quite less at this stage (Table 49). Aureobasidium
pullulang was found to be rare at this stage. The
relative abundance of Cladosporium herbarum and sterile
white mycelia during different samplings was higher
than the other fungal species (Table 49). .



Penicillium chrysogenum though was recorded as 2

dominant fungus on young expanding green pine needles
its relative abundance was very low. Pleochaeta getosa
a deuteromycetes was very common fungus on the needles
at this stage.

Nine fungal species, viz., one phycomycetés,
five members of deuteromycetes, one sterile white
mycelia and two yeasts were isolated from the
phylloplane of matured green needles (Table 50).
Cladosporium herbarum and sterile white mycelia were
the dominant fungi. Sporobolomyces rogeus, and
Aureobasidium pullulans though were not dominant on
matured green needles yet their percentage relative
abundance was fairly high. The relative abundance of
Cladosporium herbarum and sterile white mycelia was
also high on the phylloplane of matured green needles
(Table 50).

It wae observed that the total number of fungal
species increased on the phylloplane of needles vhen
the latter entered into senescent stage (Table 51). Ten
fungal species, viz., one phycomycetes, one sterile
white mycelia, two yeast species and six fungi
imperfecti were isolated from the phylloplane of
senescent needles. Cladosporium herbarum and sterile
white mycelia were found to be dominant at this stage.
Many species like Penicillium chrysogenum, Irichoderma
viride, Fusarium sp, Verticillium sp and a few others

vere recorded as rare fungi on the senescent needles
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(Table 51).

The maximum number of species was recorded
when the needles entered into litter stage. Thirteen
fungal species, viz., one phycomycetes, one
ascomycetes, one sterile white mycelia, two yeast
species and eight fungi imperfecti were isolated. The

activity of Sporobolomyces roseus was very high during
the litter stage (Table 52). Sporobolomyces roseus and

Cladosporiug herbarum were the dominants. Sporobolomycgesg
ropeus showed the highest relative abundance on the
needles at this stage (Table 52). Many soil fungi like
Trichoderme viride, Fusarium gporotrichoides and FPhoma
humicola appeared on the litter.

b) Internal fungal colonizers of pine needles from
folded to litter stages :-

It was observed from this experiment that the
internal fungal colonisis were very much different from
the phylloplane of pine needles. One sterile white
mycelia was always recorded internally from folded to
litter stages (Tables 53-58). Sporobolomyces roseus,
sterile white mycelia and Pleochaeta setosa were found
to be dominant internally at bud stage. The former two
fungal species were dominant internally at unfolded
stage also. Papullaria was also a fregquently occuring
species internally at this stage. Sterile white mycelia
wag dominant as an internal fungus in young expanding

green needles. Pleochaeta getoga and Stemphyllium sp.

were recorded as frequent and common species
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respectively. Alternaria tenuis and Aspergilius
fumigatus were associated internally with the needles

when it reached at matured green stage. Sterile white
mycelia was found to be dominant internally at this
stage. When pine needles entered into senescent and
litter stages more fungal species were noted to be
present internally. Sterile white mycelia was isolated
as dominant fungi internally from senescent to litter

stages of the needles.

c) Pattern of succession of fungi on pine needleg

from folding to litter stages :-
A graaual transition in the quality of

phylloplene fungi occured from the bud to senescent to
litter stages of the needles.

Penicillium chrysogenum, sterile white mycelia
and Sporobolomyces roseus were the dominant forms
immediately after flushing (Tables 46,47). When the
needles were undergoing maturation and entered into
the senescent stage Cladosporium herbarum and sterile
white mycelia outnumbered Penicillium chrysogenum and
and Sporobolomyces roseus and they became the dominant
forms (Tables 48~50).

At the latter stage Sporobolomyces roseug and
Cladosporium herbayum outnumﬁered sterile white nycelia
and they dominated the phylloplane of leaf litter.
Other forms like Irichoderma yiride, Phoma humicola and
Fugarium sporotrichoides appeared during the latter

stage (Table 51).



Figure - 16

Seasonal variation in microfungal
and yeast population on attached
senescrnt 2nd green needles collec~
ted from selected Pine trees of

13855 plantation.
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Figure -~ 17

Seagonal variation in microfungal and
yeast populsation on attached senescent
and green pine needles collected from

selected pine trees of 1970 plantation.
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Figure - 18 : Seasonal veriation ir percentage
relative abundance of c¢ifferent
fungal species occured on green
and senescernt pine needles of
1955 plantation.

1 = llucor hiemalig, 2 = Unidenti-

fied gpyhaeroplsidales,

7 = Chaetomelia cp., 4 = Ueotrichum

Spe, 5 = Trichoderma viride,

6 = wcvercillius funigatus,

7

&

Yenicilliuvuwm carvgosenun,

1

Verticilliuw sp., 9 = Cladgosporium

herbarum, 10 = Alternaria tenuis,
11 = Jterile white mycelia, 12 = Sterile

black mycelia, 13 = Pporcholoayces

roseus, 14 = Aureobasidiun pullulans.
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Pirure - 19 : Seasonal variztion in the
percentage rels tive abundance of
different fungal species occured
on green auncd seunescent pine needles

of 197° plantation.

' = .ucor hiemalis, 2 = Zrichoderma

viride, ¥ = Feniciliiuwn chrysogenun

4 = Cladosporiuwu herbarun,

Alternaria tenuis, 6 =_Fugarium

I

5

sporotrichoides, 7 = Sporcholiomyces

roseus, 8 = Aurechagidium pullulans,

9 = Sterile white mycelisa.
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Figure - 20 : iistozrams showing seasonal variation
in fungal #nd yeast population on
pine ncedles Curing dirfferent stages
of matvration (kach point represents

wean of five samplings).
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A perusal of the figures 16, 17 and 20 suggests
that low fungal and yeast population on young green
needles may be due to poor nutrient status and
production of more antimicrobial substances on the
needle surface. Cholodney (1932), Tukey and Morgan
(1963) pointed out that although young leaves appear
delicate and fragile, they are less susceptible to
leaching than are the older leaves. At present no data
is available on the nutrient status of the needles of
Pinus kesiya at different stages of its growth nor any
data is available on the quality and quantity of
antimicrobial subatances present on the needles at
dif ferent stages of growth which influence the
saprophytic activity on phylloplane. This aspect of
phylloplane studies of Pinus kesiya will be worth
undertaking in future. Dickinson (1967) also advocated
that increased activity of saprophytes on senescent
leaves may be primarily & result of alterations in leaf
physiology. He also noticed a rapid increase in the
fungalsand yeast population associated with leaf
senescenbe of Pisum and other leaves. Bailey (1969) has
suggested that active phylloplane growth which occurs
while leaves senesce may be the result of decrease in
phytoalexin production. Leaching of phenolic compounds
(anti-fungal substance) from leaf surface have been
ruled out by Jorgan and Tukey (1964).

di Menna (1971) also observed that numbers of
moulds and yeasts/g leaves were greater on litter and

senescent leaves than young leaves. Sinha (1971)
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ebserved a similar imcrease in the micreflera en elder
leaves than yeung leaves eof seme agricultural crep
plarts. Dickinsen et al (1976) alse ebserved a large
increase in the pepulatien ef yeasts and filamenteus
fungi en ageing green leaves of winter wheat. Mishra
ard Tewari (1976) acceunted that ameunt ef sugars and
ahine acids leached frem the leaf surface increase with
age of the leaves, .In eur present study alse the
gsenescent needles presumably leached higher ameunts ef
nutrients as it was ebserved in the litter decempesitien
studies in the Chapter 3 that senescent pime needles
centained higher ameunt ef amine acids amd seluble
carbe-~-hydrajfes, which faveured the grewth eof higher
fungal and yeast pepulatien en senescent needles.
Higher ceunts ef fungal and yeast pepulatien
vas observed durimg summer (May-September, perieds em
green and senescent needles ef beth the plantatien
where as lew pepulatier vwas ebserved durimg winter
seasen (Nevember-January) (Figs.16,17). This variatiem
in ceunts ef funrngi and yeast was mainly due teé the
fluctuatien in the quantity ef Cladesperium herba R
Sperebelemyces reseusg and Aureebasidium pullulans
during the perieds. The fluctuatien in @matmespheric
temperature, rainfall and humidity ef the regien
prebably affected the micrebial pepulatien im the
eaviremment (Tables 43-46 and Fig.13). Atmespheric
temperature, rainfall and humidity ef the regien had
prefeund effects em the nermal distributien ef the
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airspera (Mishra, 1971). Ruscee (1971) alse ebserved
a peak in fungal ectivity in summer en 1living: and
dead leaves ef Nethefagus truncata. An eccasiensl
higher ceunts in the fungal pepulatien em green and
senescent needles was recerded in January due te the
increase in the pepulatien ef Cladesperium bherbarum
and Sperebelemyces reseus during that peried .
(Pigs.16,17,18,19). Mishra and Srivastava (1970) alse
recorded that Clagdesperium was abundantly preseant .en
the living K and dead leaves of the plants during
wvinter seasen.

The studies on the phylleplane ef pine needles
frem felded (buds) te litter stage suggests that the
higher pepulatien ef fungi and yeasta en litter may be
due te the remeval of waxy materials present en the
pine needles by the actien of higher pepulation ef
yeasts (Fig.20). Lew pepulation emn the felded (buds)
needles te young matured needles was perhaps due te
the presence of thick waxy cuticle en the needles
(Fig.20). Waxes have been shewn te centain antifungal
compeunds as demonstrated by Blakeman et gl (1973),
vhich imcrease the resistance of the younger needles te
fungal pathegens and affect the leaching ef nutrients.

An increesse in meisture centent of the needles
at litter stage even abeve 60% level, faveured the
groewth ef saprephytic fungi and yeasts em the
decompesing litter. Increase im moisture centent,

hewever, did net faveur the growth ef fungi and yeasts
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en yeung needles (Fig.20). This suggests that yeung
actively grewing tiasue is relatively immune to
leaching of mineral nutrients, carbehydrates and
amineacids on the surface due to the hydpopﬂbbic'
nature (Tukey 1971), which makes the young needles
ag peer habitat fer micrebes. This hydrephsby ef yeung
needles decreases with the maturity ef needles.
Mature tissue appreaching senescence is very . - .-
susceptible te leaching (Schoch, 1955).Such leaves
with increased nutrieant status are mere faveurable
habitat fer the grewth ef the microbes. The higher
meisture centent of the (meribeumd needles) litter
(Table 59, Fig.20) enveuraged the leaching ef
nutrients er the surface of the needles which
faveured the groewth of fungal and yeast pepulatien
vigereusly.

pH of the needles which varied frem felded te
litter atage (Table 59) did net affect much the pattern
of celenization ef pine needles by different micrefungi.

The eccurence ef mere fungal species en
senegcent needles which enter inte litter stage suggests
that by the time the needles fall em the surface of the
ferest fleoer they are substantielly celenized by a
variety of saprophytic and parasitic fungi (Tables 43,
45,51,52,57,58). Leaves of Pinus gylvestrie (Xemdrick
and Burges, 1962}, Fggus sy3vatica (Hegg and Hudaon,
1966) and Eucalyptus regnans (Macauley amd Threwer,1966),
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have all been feund te be celonized by a variety eof
parasitic and saprephytic fungi prier to leaf fall.

Sporebelomyces reseus was iselated with
relatively higher pepulation frem senescent and litter
leaves and also during early stage of needles (felded
to unfolded stage) immediately after flushing
(Tables 43,45,47,48,52) (Figs.18,19). This indicates
that the organism is a primary celenizer of pine
needles, whose grewth on phylloplane increase vwith
increase ef the age of the needles.

The increase in the pepulation of Sperebelemyces
regeus en senescent and green needles during summer
(May-September) may be cerrelated with the increase in
the atmoespheric temperature of the lecality as well as
its prebable imcrease in air durimg this perieds. This
sharp imcrease in numbers of 5. reseus has been
ebserved en the leaves eof several plants (Last, 1955;
di Menna,1959; Pugh and Buckley,1gzg). This has been
attributed te the rise in temperature (di Memna,1959)
and has alse been cerrelated with leaf age and numbers
of S. reseus in the air spera at thatitime (Last,1955).

The presence of Cladesperium herbarum with
fairly high frequency on pine needles at all stages
immediately after flushimng specially on senescent
needles suggests that it is an active colonizer of pine
needles (Tables 43-52). Senescent needles encourage

more luxuriant growth ef Cladesporium. Kerling (1964)
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also observed an increase of Cladosporium sp. en
8enescent rye leaves., Cladosporium herbarum has been
_isolated previously from leaves of all ages from
apple (Hislop and Cox, 1969), beech (Hogg and Hudson
1966) and birch,hazel and ash (Hering 1965). The
higher population ef Cladosporium herbarum om both
green and senescent neédles during winter season
(November-January) reveals that lower atmospheric
temperature, scanty rainfall and presence of higher
amount of dew on leaf surface probably favoured the
growth of this species during winter (Figs.18,19).
Migshra amd Srivastava (1970) also observed that
Cladosporium herbarum was abundantly present on the
_11?ﬁﬁg:and dead leaves of the plants during winter
season in Gorakhpur.

Aureobasidium pullulans has been isolated
from very young needles (folded and unfolded) and it
has actually colonized the phylloplane of young green
needles (Tables 44,46,47,48). It formed vigorously
growing colonies whose development declined on litter
after leaf fall (Table 52). A. pullulans has been
iselated from very young tissues (unfolded leaves) by
other werkers (Hudson and Webster, 1958; Smithand
Wieringa, 1953). Ruscoe (1971) cultured A. pullulans
from the phylleplane of very young leaves of
Nethofagus trumcata and observed -vigorously growimg
colonies whose development increased with increasing

leaf age and then declined at leaf fall. Gedfrey (1974)
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isolated A. pullmlans on Pteridium aguilinum from

June and Last et al (1972) observed abundance of

A. pullulans on green leaves from July. In the
present study, however, the incidence of A, pullulans
on both senescent and green pine needles was recorded
from the month of March, and the population atteined
. peak im Mey and ‘declined thereafter (Figs.18,19).
The peak population of this species in the month of
May,may be explained in terms of high growth rates
induced by high ambient temperature and sufficient
moeisture in the atmosphere., The fall in population
after May is probably due to high reinfall during
June~duly which washed down the fungus from the leaf
surface (Fig.13).

A large number of sterile white mycelia was
regularly isolated both internally and externally from
the pine needles of all ages immediately after flushing
(Tables 53%-58 and 43-52). From its high frequency of
isolation and occurence it may be assumed that it is one
of the important colonizers of pine needles whose growth
was not regulated by the age of pime needles, This is
because the fungus was also present even after leaf fall
and during decomposition of pine needles on feorest floer.
The variation in ites frequency of eccurence and population
was geverned rather by the variation in the atmespheric
temperature, rainfall, humidity of the locality. Ruscee

(1971) isolated a large number of sterile hyaline and

dark mycelia from living and dead leaves of Nothofagus
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truncata. From this study it has been revealed that
it is ene of the impertant colonizers of Pine needles
of this region, whose importance on the phylloplane
needs detailed imvestigation in comnection with host
parasite relationship, physiology and taxonomy.

Penicjllium chrysogenum was observed to be a
significant superficial colonist and was present on
needles of all ages (Tables 43-52). This suggests
that ites growth was not supperted by the age of
the needles but was more profoundly affected by the
different environmental faftors, which is in agreement
with the result of Ruscoe (1971) who also isolated
Penicillium Sp. from the leaves of Nothofagus trumncata
of all ages. Prevalence of this species on different
age of the needles reflefted the abundance of this
species in the airspora during different sampling
periods (Gregory amd Hirst, 1957).

Other fungi which were recorded both by dilution
plate method and surface sterilized needles (Tables
47-52, 53-58) of different ages,occured sporadically and
vere restricted in the needles of different ages.
Somewhat similar restricted occurence of fungi on

coniferous needles was reported by Brandsberg (1969).
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MICROBIAL DECOMPOSITION OF PINE LEAF LITTER.
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Plant litter decomposition is one of the most
important phenomenon in any forest }cosystems.
(Rosewall et al 1975). In order to understand the
dynamics of forest ecosystem a number of studies
have been made on litter fall, a major pathway for
both nutrient and energy transfer (Bray and Gotrham,
1964). Several studies indicate that in temperate
deciduous forests approximately T0% of the annmual
uptake of macro-nutrients (N,P,K, Ca and Mg) are
returned via litterfall (Dmvigneaud et al, 1970). As
indicated by Olson (1963), many Tundra ecosystems
accumulate organic matter, which is caused by low
rates of decomposition. large amounts of nutrients
are thus locked up in the organic matter, and are not
available to the plants until mineralized by
microorganisms. Therefore, the role of microorganisms
in plant litter decomposition is of paramount
importance in recycling of the nutrients. The decayed
lignified plant tissues are attacked on the surface
of the soil or in its upper layers first of all by
fungi, vwhich thus become instigators of the
decompogition of this comparatively resistant materidl,
This primary attack which often transforms to a great
extent the original substrate is naturally activated by
the action of other components of soil microflora and
proceeds towards further mineralization (Vladimir, 1970).

Dead organic matter constitutes one of the most
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widely available sources of energy in the soil
environment (Gray and Williams, 1971). Plant litter
reaching the soil surface is immediately attacked by
soil animals amd microbes so that new substrates are
formed and substances released during the process
pass down the so0il profile. The importance of this
fact has been realised and it has become more desirable
to understand the problem after the researches of
Patrick (1971), Patrick and Toussoun (1965), Patrick
et al (1963, 1964) who reported the release of toxic
substances during the decomposition of plant
material, They further advocated that the nature and
amount of toxic substances vary during decomposition
with changed soil environment.

The fertility level and germination of seed
sown in the field may be affected by toxic substances
produced by decomposing plant litter. In some cases
certain microbes associated with decomposing materials
may also affect the sown seeds. The microfungal flore
asgociated with decomposition process of the plant
organs are highly influenced by environmental condition
in which the plant is growing. Even in the case of
fallen plant leaves, various degrees of decomposition
viz; brown, blackish brown, decayed and heavily decayed
are results of both the natural environment and fungal
succession (Tubaki et al 1971).Various types of plant
litter were recognized by Muller (1887) on the basis of

their rates of incorporation into the soil. The slowly
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decomposing litter forming a layer several
centimeters thick over the soil surface, was termed
'mor' and is characteristic of coniferous forests.
Examination of the litter in a pine forest by
Kendrick and Burges (1962) exhibited several distinct
layers viz.; L, F1, F2, H, each containing needles at
different stages of decomposition. Kendrick and
Burges (1962) have estimated that Pinus sylvestris
needles spend about 6 months in the L layer, 2 years
in the F1 and 7 years in the F2 before they become
incorporated into the humus layer.However, during this
process of decomposition of needles some soluble
substances are released and leached into the soil by
rain which may get into the soil quite quickly (Gray
and Williams, 1971).

Succession on the leaves and constant patterns
of decomposition of the organs by microfungi have been
studied by Dickinson and Morgan~Jones (1966).
Dickinson (1965) noted that theee groups of phylloplane
fungi are associated with Halimione leaves : those
present only as propagules on the leaves, those growing
actively and gporing on the leaves, and thirdly a
group which only produce vegetative mycelium while the
leaves remain green. At the onset of senescence, fungi
in the latter group may sporulate and the leaf is also
invaded by & number of saprophytes not actively

associated with the phylloplane. Hogever, not. mush

has been known about the patterns of the first invaders
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and their activities during the decay of the leaves
either on the plant or on the litter surface for
which the present investigation was undertaken.

The present investigation was aimed to study
the following facts :

1) The effect of climatic fluctuations and
age of the pine plantations on the occurence of litter
decomposing microbes.,

2) Pattern of fungal succession during pine
litter decomposition.

*3) Rate of pine litter decomposition under the
stress of climate of this region.

4) To assess the microbial activity during
litter decomposition by determining rate of substrate
weight loss and by evolution of 002.

5} Types of phytotoxins released during
decomposition process. .

6) The role of some dominant and common fungi

on pine litter decomposition under laboratory condition.
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SUCCESSION :

Several researchers have worked out the
succession of higher plants in different type of
habitats. A number of workers have also highlightened
the succession of microorganisms on various plant
parts, Garrett (1951) inspired a number of workers to
explore the various aspects of so0il microbiology.
Workers like Hudson (1968), Kendrick (1957, 1958),
Mikola and Hintikka (1956), Pugh (1958), Saito (1956,
1960), Siu and Reese (1953), Smith and Wierimga (1953)
Trive (1957, 1960a, 1961), Tyner (1961), Waid (1957)
and Webster (1956,1957) added further to the knowledge
of succession of microorganisms on various plant parts.

Chester (i950) and Mangenot (1952) examined the
succession of fungi on logs and wood and found
different pattern of distributior of fungi. Hudson and
Webster (1958) and Yadava (1966) investigated the
succession of microbes on stem of different plants.
Chang and Hudson (1967) in their studies on the fungal
succeseion of wheat straw compost from ecological,
biochemical and physiological point of view found a
regular pattern of fungal colonization. Fungal
succession on decomposing whealt straw compost in soil
was examined by Sadasivan (1939). He noted a marked
change in succession of fungi at different decomposgition
stages.

Most of the work on the microflora in relation te

decomposition of coniferous leaf litter has been on pinelitter
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(Ward, 1952; Gremen, 1957; Tubaki and Seito, 1969;
Brendsberg, 1969). These workera emphasized that the
early colonizers of coniferous leaf litter are
bacteria, ascomycetes, fungi imperfecti and some
bagsidiomycetes which attack simple :.parbohydrates and
cellulose. These organisms are follewed by phycomycetes,
particularly members of mucorales which can utilize
the faunal breakdown products perhaps in combination
with meio-faunsa.

The most detailed study regarding the succession
of fungi on decomposing coniferous litter is that of
Kemdrick (1958). He examined the litter in a stand of
Pinug gylvestris at Delamare forest, England. His results
seem to give the clearest idea available to date on
succession. Waid (1952) in a detailed study of litter
decomposition in pine woods, conducted near Nottingham,
England listed about 120 fungi. The most frequently
isolated genera were : Trichoderma, Penicillium,
Mortier#lla, Mucor and Aureobasidium, Basidiomycetes
were active in litter layer but decreased with increase
in depth.

Garrett (1963) in his investigation of fungal
colonization of dead plant remains in or upon the soil
noted that sugar fungi were primary colonizers and
compared the fungal succession with autogenic plant
succesgsion. Caldwell (1963) while studyinrg the fungal

flora of beech leaf litter in soil reported a deflinite
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course of succession of the organisms. Carre (1964)
confirmed the result of Caldwell and reported a
definite succession in natural conditions. His results
clearly demonstrated the effect of weather, which
influenced the growth of microorganisms for first two
years rather than by the aBcumulation and availability
of nutrients.

Lrayes (1965) in his studies of Scot pine litter
decomposition reported that the microclimete influenced
the development of dominant species of litter microflora
Hering (1965) studied the fungal succ_essiom on four
plant species and observed that the fungi were common
in all four types of litter. The primary fungal flora
wvas replaced by the common fungal flora dominated by

the species of Penicillium and Trichoderma.

Macauley and Thrower (1966) observed succession
of 5 groups of fungi during 15 months of decomposition
of leaf litter of EBucalyptus regnans. Thelr report
suggested that the primary colonizers were some
moniliales followed by species of Penicillium and
mucorales in advanced stage of decomposition. They
suggested that probably antagonistic effect of other
fungi was related to the disappearance of certain fungi
even when sufficient mutrient was available.

\_Pugh (1958) suggested that the temperature and
moisture content of leaf litter were the main factors
to influence the seasonal activities of microbes during
the decomposition of leaf litter. He also observed that

the initial colonizers of dead and moribund leaves of
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Cﬁggex paniculata were replaced by secondary colonizers

during decomposition. -Gregory et al (1963), Khanna
(1964) and Sharma (1967) studied the microbial
decomposition of above ground ageing and decaying
plant parts ard observed a climax succession at the
senescence stage. Kamal and Singh (1970) and several
others studied the fungal succession on foliage and
stem and added further knowledge to the fungal
succession.

_Merril and French (19683 in their studies on
decomposition of stalks of Pinus ponderosa isolated
species of Mucor, Rhizopug and Abgidia as dominant
fungi. Rai (1969) reported several imteresting species
of saprophytic fungi during the studies of fungal
guccession on decaying leaves of Saccharum munja.

Prankland (1966,1969) investigated the

succession of fungi on decaying petidles of Pteridium

aguilinum. The aim of the experiment was to determine
the relative abundance and succession of the wvarious
speciea of fungi in relation to changes in the
substrates. In the experiment it was observed that
a succession of species occured. Cellulose and lignin
decomposers predoninated before the appearance of sugar
fungi. Seasonal variation of fungal population was also
recorded.

Viadimie: {1970) studied the chemical changes in
lignocellulose decomposed successively by the fungi

Ganoderma gpplanatum and Serpula lacrymans and observed
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that the two fungi changes the degree of availability

of lignocellulose for the other fungi, and these changes
depend primarily on the changes of the polysaccharidic
components.

Tubaki et al (1971) examined fungal succession
on sterilized leaves of Castonopsis and Quergus in
natural condition and observed a regular pattern of
succession.

Rai (1973) while studying the fungal succession
on decaying leaves of Saccherum munja noticed various
kinds of fungi which appeared at various stages of
decay and fungus flora was found to vary as the leaf
tissues decomposed and disorganized. He recognized
three groups of fungi for their distimect patterns of
distribution. Watson et al (1974) studied in detail the
fungal succession on loblolly pine litter and foliage
in North Mississippi and could record a distinct
successional pattern. Deuteromycetes, phycomycetes,
ascomycetes and basidiomycetes were all prominent on F
.dayer;, Basidiomycetes seemed to be dominant in the H
layer. An unique pattern of fungal succession on animal
dung“as substrate was described by Bell (1974). The
seasonal cycles of the fungal flora on the dung was
discussed. Some fungi were markedly seasonal in their
occurence, others did not show such a mafked seasonal
pattern, but the fungus flora as a whole followed a
predictable seagonal cycle with maximum fruiting of the

species in winter and minimum in sumnmer.
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Vittal (1976) in his studies on fungal
colonization of litter grouped the fungi as ‘dominant'
'common', 'frequent', 'occassional',amd rare'depending
on their percentage frequency. He recorded only a few
fungi as 'dominant' on each plant species and nearly
half the number of species recorded occurred
sporedically.

The studies of Pugh et al (1975); Bashi et al
(1976) 1977) and Lindsey et al (1976 a,b) showed the
importance of yeast on leaf surface. Their role in
litter decomposition needs thoraugh understanding of
population dynamics and their successional pattern.

The present investigation also shows a population
dynamics of yeast flora on decomposing pine needles.

Mckenzie et al (1976) during the studies of the
decomposition of poplar leaves, plum leaves and wheat
stems pointed out the importance of the primary fungal
colonizers during decay after leaf fall. He observed that
the rust infected plant materials supported a fungal
succession gquantitatively different from that on
noninfected leaves and stems during decay.

Black et al (1977) studied the patterm of
colonization of scots pine litter by soil fungi and
indicated that many common soil fungi, especially
Trichoderma spp., members of mucorales and Fenicillimm 8P,
may colonize the surface, of decomposing needles in the
litter but appear to have only & limited ability to

colonize inner tissues.



Pepulatien dymamics ef fumgi, bacteria and &ctinomycetes

in decemposging litter -~

Much works have been done on fungal decompesition
of plant remains on soil:or inside sekl by various
workers. Works are also available on fungal celonization
of different substrates under different environmental
conditions. Mikola and Hintika (1956) found an
@verﬁhelming dominance of only a few species of
bacteria in Pinus sylvestrisg litter in Finland. Inspige
ef the limitations ef the experimental technique they
drew some conclusion that sporulating meulds are
abundant in forest soil. They play an essential role in
the decomposition of litter mainly during early stages,
whilst later on ether fungi and bacteria attain mere
impertance.

Witkamp (1963) made an annual means of fungal
and bacterial counts from five leaf species decempesing
in ceniferous and deciduous stands and observed that
fungal and bacterial ceunts were positively correlated
with the corresponding rates of litter breakdown., le
also observed that temperature, meisture and stage of
litter decay,. effectively controlled the micrebial
populations and rates of litter breakdown.

W{tkamp (1966 ) alse studied the bacterial and
fungal population during decompositien of Mulberry,
redbud, white oak, loblelly pine litter in Tennessee
and feund that microbial densities and annual weight

logses of litter were significantly positively correlated.
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Minderman and Deniels (1967) determined
bacterial numbers in litter cellected frem a
calcareous mull site in Holland at different times after
leaf fall. In both cases maximum number was found a few
weeks after shedding of the leaves, and this was followed
by a gradual deérease., Similar results were obtained in
a mixed Oak weed in Belgium (Remacle, 1970,1971), in

stands of Fagus sylvatica in Germany (Meyer, 1960). In

the latter case no consistent trends with regard to
seasonal variation ceuld be observed. Changing weather
conditions affected the bacterial number more than the
age of the litter. Few studies have been carried out on
the @tomposition of the bacterial flora in litter,
Mangenot (1966) feund that the bacterial flera on
freshly fallen lMalus leaf litter mainly ceonsisted of
yellow or orange pigmented forms as in the phylleoplane.
Holm and Jensen (1972) carried out a similar examination
on Fagus litter, and they found a bacterial flera was
very similar in cemposition to that on the mature leaves
in the canopy.

\ Microbial activity and litter decompesition :

Studies of the decompesition of organic matter in

forest seils are impertant for an understanding of soil
fertility and the cycling of nutrients. Measurements ef
carbondioxide production in the field are frequently used
for estimations of rates of organic matter breakdown,
(Ross et al 1972).

Stotzky,; (1965) reviewed that when eorganic
matter is attacked by microorganisms, the follewing

reaction takes place :
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(CH,0)x + 0,—>CO, + H,0 + Intermediates +
cellular material + energy
Only 60-80 percent of the carbon is cenverted to
carbondioxide, even under fully aerobic cenditions
because of incemplete oxidation of the substrate,
which gives rise to intermediates, and the synthesis
ef cellular materials.

Mac Fadyen (1970} and others also studied the
microbial activity by measuring rates of 002 evolution
and litter decomposition.

Lamb (1976) studied the decomposition of organic
matter on the forest floor of Pinus radiata plantations
and measured the rate of litter decomposition by weight
loss and by microbial respiration.

Bunnell et al (1977 ) used simulation models to
examine the role ef substrate chemistry in decompesitien
rates by relating specific laboratory measures of
micrebial respiration to field measure of weight less
with those influences of temperature and moisture.

Carbendiexide evelution has been used frequently
as a measure of biological activity in the litter
(Miller, 1974). Kornev (1962),woerking on Pine feund that
the evolution eof 002 decreased in the litter and
suggested that this decrease was related te the
unilateral consumption by microerganisms of the
available erganic matter in the upper layers, with
consequent accumulation of unavailable compounds. The

evolution ef 602 varied with the season, increasing
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threugh the summer t¢ a maximum in August with a second
peak in Octeber folleowing needle fall.
P/Phxtotoxins :

There are evidences that decomposition of plant
residue in the. seil results in the formation of compounds
which may have either favourable or unfavourable effects
on plants. The speculations raised at the beginning of
the century with respect to phytotoxic properties of
some of these compounds, have now been confirmed.

The beneficial or detrimental effects of certain
substances released by various plant parts in soil
during decomposition were first reperted by De Candolle
(1832). Skinner (1918) studied the relative toxicity ef
these compeunds in seil and nutrient selutions. He
identified several compounds released during decomposition
of plant residues in seil and referred them te be the
degradation products of lignin. Mec Cella and Duley (1950)
and Guenzi and Mec Calla (1962) studied the inhibitory
substances preduced in seil during wheat straw
decomposition and neted 66 percent inhibition ef corn
seed against only 10 percent in control. Further knowledge
regarding the productien of phytotoxins during
decomposition of plant remainsg in the soil was added by
the werks of Proebating (1950), Martin (1957), Patrick
and Kech (1958), Snyder et al (1959), Nielson et al
(1960) and Sendheimer (1961).

Nielson et al (1960) reported the abnormal
behavieur of phytotoxins on many seeds when they are

soaked in the extract of decompesed straw. The presence
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of Ferulic acid, Coumaric,acid, Vanillic acid and
P-hydroxybenzoic acid was reported by Borner (1960)
from aquous and alcoholic extracts of straw and reots
of barley, rye and wheat. Patrick (1955) and Patrick
and Koch (1958) studied the production of phytotoxins
by decomposing plant remains in seil.

Patrick et al (1964) presented a comprehensive
review on the products of crop residue decomposition
and their effect on plant reots. Toussoun et al (1968)
and Patrick (1971) studied the nature eof phytotoxic
substances produced during plant decomposition in seil.
They explored this aspect of seil microbielogy and
confirmed the fimdings of previous workers.

In India, studies on this aspect of seoil
microbielogy have been very few so far. Kanaujia (1973)
investigated the production of phytotexins during the
decomposition of reots of Pennisetum typhoides (Burm F.)
in field conditions. ile detected several phytotoxic
substances during various stages of root decomposition.
Recently Groever (1977) also studied the production ef
varioeus types of phytotoxins from root,leaf and stem of
Braggica nigra var. Sarson during decomposition in seil.
He has also studied the effegt of these decomposition
preducts on the seeds of various crop and alsoc on the

important fungi of soil.
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A. Field decomposition studies ¢

The present investigation was carried out under
1955, 1965 and 1970 Pine plantations as shown in the Map 2
where the investigation on leaf surface microflora and soil
microbial population was also conducted. Different age
groups of pine plantétions vere considered to study the
effects of age of the pine needle and plantations on
litter decomposition.

In this investigation following parameters were
considered :-

Rate of pine litter decomposition on the forest
floor.

2) Population dynamics of litter microflora
(bacteria, fungi, actinomycetes) and the pattern of fungal
succession during the litter decomposition. pH and
moisture content of the litter and differecnt climatic
conditions of the sites were also taken into consideration.

3)-Evolution of Co, from litter during
decomposition.

4% Degradation of carbohydrates, cellulose,
hemicellulose, lignin and release of aminqggigs of litter
during decomposition.

5) Release of phytotoxins during decomposi tion
process.

1) Rate of pine litter decomposition on the forest floor :-
Nylon bag technique (Bocock, et a2l 1960) was applied

to study the rate of litter decomposition of Pinus kesiya

on the forest floor. Nylon mets having 0.5 mm mesh were
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stitcheé into 12 sq.cm. bags. Fresh pine needles were
collected from 1955, 1965 and 1970 plantations and
air-dried till the constant weight was recorded. The bags
for 1955 pine plantations wecre filled with 8.366 gms. of
air-dried pine needles. Likewise the bags flor 1965 and
1970 plantations were filled with 8.466 gms. and 8.600 gms.
of air dried pine needles respectively. All the bags were
then properly stitched and placed on the forest floor of
1955, 1965 and 1970 plantations on 15th.May, 1976. The
litter in tlhe bags was then allowed to decompose. The first
sampling was done on 15th.June, 1976.and the subsequent
samplings were domne at one month interval for & period of
one year, On each sampling date six replicate bags were
collected from each plantation for recording the loss in
dry weight and microbial population :8f the litter. The bags
were brought to the laboratory. Three bags were made open
and the other three bags from each set were kept in freeze
until used for microbial analysis. From each bag, litter was
carefully seperated, cleaned from any adhering soil
'particles and was allowed to dry in a hot air oven at a
temperature of 80°C until a constant dry weight was obtained.
Final dry weight gf the samples was taken and percentage
weight loss was calculated on the basis of oven dry weight
of the sample.

The experiment was repeated for two successive
years from May 1976 - ilay 1977 and iday 1977 - July 1978 to
observer the variation in litter decomposition. Only two

pine plantations viz. 1965 and 1970, were considered during
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the second year for the study of litter decomposition. The
bags containing 4.850 gms. and 4.800 gms. of air dried
fresh pine needles for 1955 and 1970 plantations
respectively were kept on the forest floor of both the
plantations on 14th.iay 1977 and &llowed to decompose as
described earlier, The collection of the bags and
estimation of dry weight loss of litter was carried out as
described earlier. The first sampling during second year was
done on 14th.June, 1977 and subsequent samplings were done
at one month interval for a period of one year.

The course of changes in pH and moisture content
of decomposing Ritter were also recorded for two years.

2) Population dynamics of litter microflora (bacteria,

fungi, actinomycetes) and the pattern of fﬁnggl succession

during pine 1littér. decompofition i=

The aim of this experiment was to evaluate the
saprophytic activity of microflora during pine litter
decomposition on the forest floor, and also to assess the
pattern of fungal successioﬁ during the decomposition. The
experiment was also repeated for two years i.e. from iay 76

- May 77 and May 77 - iay 7T8.

Collection of the samples - Nylon bags containing
decomposing litter were collected from the different
plantations, The bags were properly sealed and transported
to the laboratory and were used on the same day for the
agsegsment of microflora. Occasionally the bags were stored
overnight at 4°C when the processing could not be completed
the same day (éuscoe 1971). Additional litter bags were

collected for the determination of pH and moisture content.
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Igolatien of microflera :-~ The process consisted ef
the fellewing steps @

Iselation of bacteria amd Actinomycetes -~ Dilution

plate method was follewed for the isolatiom ef bacteria
and actinomycetes threughout the sampling peried. One g of
decemposing pine litter was introduced into a 250 ml.
sterilized cemical flask containing 100 ml sterilized
distilled water. Litter suspension of 1:100 dilution was
prepared. The flask was thoroughly hand shaken for
fifteen minutes for homozenizing tke suspemsion. 10 ml
of this suspension was then transferred aseptically by
means of a sterilized 10 ml Pipette to another 250 ml
sterilized cenical flask containing 100 ml sterilized
distilled water to get a suspemsion of 1:1000 dilution.
The process was repeated omce more to get a suspension of
1:10000 dilution which was found suitable for ceunting
bacteria and actinomycetes colenies on the agar plate,
Iselation of bacteria was done on nutrient agar medium
(Difco manual, 1953) containing beef extract. Isolation of
actinomycetes was done on starch casein agar plus
antibiotics medium which has been shown te be hhghly
selective for the microorganisms {Kuster and Williams,
1964 )., The selectivity of this medium was further increased
by the addition of actidione and nystatin, each at a
concentration of 50 Mg/ml of medium (Williams and Davies,
1965). Composition of both the media is described in
Chapter 1 umder materials and methods.

0.5 ml of litter suspension in each plate of

1:10000 dilution was transferred aseptically on the
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nutrient agar medium and starch casein medium in
sterilized petriplates for the isolation of bacteria and
actinemycetes respectively. Isolation was carried out im
sterilized Lamminer flew chamber throughout the
investigation period. Three replicate plates were
maintained for each case. The petriplates were shaken
gently to disperse the litter suspemsion uniformly ever
the asurface of the agar medium. The plates were incubated
upside down at a temp. of 30 + 1°C in a bacteriolegical
incubator. The plates for bacterial and actinomycetés
counts were incubated for 24 hours and 7 days
respectively.Number of bacteria and actinomycetes colonies
was counted with the help of a digital colony counter. The
population of bacteria amd actinomycetes/g dry litter was
calculated by taking moisture content of the litter inte
account. In this study only population dynamics of
bacterial and actinomycetes was considered and no attempt

has been made to identify the species.

Igolation of myceflera - Cultural isolation
techmique (dilution plate method ) was employed for this
group as described in the Chapter 2.The results were
represented in terms of percentage frequency and
percentage relative abundance of fungi as described in
Chapter 1.

pH mnd moisture content of litter - pH and moisture

content of the decomposing litter samples during different
sampling periods were determined by oven dry method and
electric pH meter respectively.

Climatic conditions - The data on atmospheric
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temperature, rainfall and humidity was obtained from the

local materiological office throughout the investigations.

3) Evolution of 002 from iitter during decomposition:-

Determination of 002 evolution from decomposing
litter indicates the rate of breakdown of litter on the
forest floor. Only one plantation was considered for this
experiment.The experiment was conducted tor a‘peried of
one year frmm May 1977 to May 1978.

002 evolution from decomposing Pine litter trom
the forest floor was estimated by inverted box method
(Walter and Haber, 1957).Glass beakers of 100 ml capacity
containing 50 ml of 0.IN KOH solution were exposed on the
surface of decomposing litter on the forest floor of 1970
plantation. The whole system was then covered by means of
tin containers (5071.2 cms. sq. area) in such a way that
there was no Leakage from the sides of the containers.
The assembly was kept on the forest floor for 24 nours to
allow KOH to be saturated with Cose After 24 nours of
exposure of the absorbent solution (KOH) the amount of
002 fixed by the EKOH solution was measured by titrimetric
method using 0.1 N Hcl and phenolphthelin as indicator.
Three replications were used in each case.Finally 002
evelution was expressed in mg/mz/hr.

Control sets were also kept side by side. A small
area of the rorest floor (according to the diameter of tin
used) was covered by means of a polythene sheet to ensure

no 002 accumulation take place from the forest fleor and

the whole system along with KOH solution was cove
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inverted tin. The other processes follewed were similar

as done for the samples.

4) Bstimation of cellulose, hemicellulose and lignim eof

the decomposing pine litter :-

Cellulose, hemicellulese and lignin content of
Pine litter was estimated by method described by Peach
and Tracey (1955). Decomposing leaf litters collected
from litter bags on different sampling dates were washed
with distilled water to remove all the soil particles, and
dried in a hot air oven at 80°C for 48 hours. The samples
Were cooled to room temperétu;e over anhgdrous calcium
chloride in a desiccator and were ground to find powder by
electric grinder and processed for estimation of the above
3 compounds.

0.5 g of powder from each plantation (for each
sampling date) was treated with 25.0 percent of aqueous
KOH (W/V). In each case, the samples were centrifuged at
3000 rpm for 10 minutes. The decant obtained in each case
vwas uséd for detection of hemicellulose. The residue, left
at the end of the digestion, was washed several times in
digstilled water till the trace of KOH was removed. It was
dried in a hot air oven at 105°C for 24 hours, cooled to
room temperature in a desiccatér and weighed. The ameunt
ob%ained was desigmated as total cellulose. The decant in
each case was collected and neutralized with equal amount
of glacial acetic acid and ethanol. The precipitate was
filtered washed, dried and weighed as above and this

accounted for total hemicellulose. Three replicate samples
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were congidered in each case.

AN

AR For estimation of lignin 0.5 g dried samples,

were taken in a test tube seperately for each seft,
treated with 72 percent sulphuric acid (AR) and Rept in
a deep freeze for 24 hours. After 24 hours the contenrt
of the test tube was centrifuged and decanted. The clear
solution was discarded whereas the residue was washed
many times till no trace of HZSo4 was present. It was
finally washed, dried and weighed. The amount soc obtained
vas designated as Lignin. Three replicate samples were
considered in each case,

The cellulose, hemicellulose and lignin contents
‘wWere estimated on the initial dry weight of the decomposing
litter. Fresh litter samples were also analysed side by

side.

5) Bstimation of total sugar and total aminoacid from the

decomposing litter samples :-

Estimation of total sugar and total amino acid of
the decemposing litter was carried out as described by
Peach and Tracy (1955). 100 mg. of pewdered sample from
each gample and from each plantations was crushed
properly in a morter and pastle in 80% ethanol and
filtered through a Whatman filter paper No.1. A slightly
yellow coloured filtrate was obtained in each case. The
filtrate was treated with actimated charcoal and
centrifuged at 6000 rpﬁ to get a clear supernataﬂt. Ethanol
vas boiléd off from the clear filtrate in a het water bath
and the volume was made up to 5 ml with the addition of

double glags distilled water. 3 ml of this solution was
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taken in a test tube and 6 ml of Anthrone reagent

(0.4% in H2304 w/v) was added gently to the test tube
®rom the side while the test tube was kept in a cold
water bath. Then the test tube was gently shaken and
varmed in a boiled water bath for 3 minutes. A green
colour was obtained. The transmittance of this coloured
solution was observed in spectrophotometer (Spectromnic
20) at 610 ﬂh‘ Standard curve was obtained from
transmittance of varying cone.of glucose solution
treated with anthrone reagent as described for the samples.
From the standard curve the values of the total sugar
of the samplés were expressed in/¢g7100 mg dry weight of
the samples.

To the rest of the 2 ml extract, 2.5 ml of
acetate buffer (40 g NaoH dissolved in distilled water in
a 1000 ml volumetric flask, 100 ml of glacial acetic acid
was added to it and the volume was made upto 1000 ml with
distilled water) and 2.5 ml of ninhydrin solution (1% in
isopropyl alcohol) were added simultaneously.The test tube
containing the solution was placed in hot water bath for
half an hour, a light purple colour was obtained. The
transmittance of this coloured solution was observed in
spectrophotometer (Spectronic 20) at 540 mm.

Standard curve was obtained from the transmittance
of the varying concentration of leucine solution treated
with acetate buffer and ninhydrin solution as described
for the samples. From the standard curve the values of the
total amino acid of the samples were expressed in/ug/100 mng

dry weight of the sample.



Phe estimation in each case was done in

triplicates.

6) Collection of litter leachates and detection of

phytotoxinsg $-—-

During each sampling one litter bag from each
plantation was kept separate for collection of litter
leachates from the decomposing material. Nylon bags with
decomposing pine litter and adhering soil particles were
immediately transferred to 250 ml conical flasks having
100 ml. Bterilized distilled water. Each flask was hand
shaken vigorously for 20 minutes keeping the mouth
closed with sterilized cotton plugs. This washing was
then filtered through ordinary filter paper and the
filtrate was centrifuged at 3000 rpm for 10 minutes. The
supernatant was again filtered through a Whatman filter
paper No.1. This filtrate was then concentrated in a
vacuum oven below 40°C upto 5 ml and was kept in a
laboratory freeze unéil used for the detection of
phytotoxins present in the leachates:

Phytotoxins from the decomposing litter leachates
were detected by unidirectional paper chromatography using
isopropanol, ammonia and water (200:10:20) as solvent
(Smith, 1960) and ferric chlorode solution‘(Fecl3 2% in
water containing 1t ml of 2N Hcl) as location reagent
(Hathway,1960).The spots on the chromatograms were
examined properly under ultraviolet ray in a dark room
for identification of phytotoxins. The unknown spots
appeared on chromatograms were compared with those of

standard phytotoxins. The Rf wvalues of the unknown spots
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were calculated and compared with the Rf values of
standard phytotoxins. Bight standard phytotoxins used for
this purpose were 3,4 dihydroxybenzoic acid, P - coumaric
acid, ferulic acid, venillic acid, quinic acid,

protocatechuic acid, gentisik acid and caffeic acid.

B. Decomposition studies in laboratory :

The experiment was conducted with a view to
measure the rate of pine litter decomposition by certain
selected fungal species and to compare laboratory
decomposition vs. field decomposition studies.

Six dominant and common soil and litter fungi viz.,

Absidia cylindrospora, Mucor hiemalis, Trichoderma viride,

Penicillium chrysogenum, Cladosporium herbgrum and

Spprobolomyces roseus were selected for this study.

1) Inoculation of sterilized soil and sterilized pine

litter :-

Rectangular glass jars (12.5 cm. x 10.3 cm.
x 20.8 cm) were used for this purpose. Soil from 1955 pine
plantation of the experimental site was brought into the
laboratory and was‘properly sieved to remawve the adhering
plant parts and debris. Oat meal was added @ ten g per Kg.
of soil to support the rfungal growth in the soil after
inoculation. Soil was properly mixed with Oat in allumimium
trays and was autoclaved at 15 lb/sq in. pressure for 3 houss.
Autoclaved soil was then allowed to cool down to room
temperature in an aseptic condition.

Pure cultures of all the selected fungi were
maintained in petridishes on malt extract. Withdxhe help

of a cork borer (icidia) 10 pieces, seven days old culture

£
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of each fungus was introduced in sterilized soil. The
pieces were then thoroughly nixed in soil in an aseptic
conditions. For each fungal culture separate sterilized
s0il was used. Sterilized rectangular glass Jjars vere
then filled with inoculated soil @ one kg./jar, and was
Levelled properly for different fungal inoculum. Mixed
inoculation of tungal cultures in autoclaved soil was also
done.Six replicate sets were maintained for each inoculum
including uninoculated control set for each sampling
periods. After inoculation all the jars were covered with
polythene sheets having minute pores made by a needle %o
avoid air contamination. The glass jars were then
incubated at 25°C in BOD incubators for one month for
proper growth aﬁd establishment of inoculated fungi in soil.
Moisture content of the soil was maintained at
field capacity throughout the experiment by adding requisite
amount of sterilized distilled water after every week.
After one month of incubation, fungi were established
properly in soil and their growth was prominent in soil,

except that of Sporobolomyces roseus.

Pine needles for this study were collected from the
oldest i.e. 1955 plantation from the experimental field
and were air dried properly.

Nylon bag technique (Bocock, 1960) was applied as
descrivbed eariier for laboratory decomposition studies.
Nylon nets having 0.5 mm mesh size were stitched into
12 sq.cm. bags which were then filled with 8.359 g. (dry
wt. basis) ef fresh pine needles. Bags were properly

stitched.
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After one month when the fungal cultures were
prpperly, established in the soil, one litter bag was
introduced in each jar on 5th.npril,18#8. The litter bags
were placed in all the jars on the same dajy. Before
introducing the bags in the jars the needles vere
autcclabed at 10 1b/sg.incli Pres ure for 15 ninutes
(Black and Dix, 1977).The jars were then placed a2t room
temperature for jncubation. The moisture content of the
litter was mzintained 2t 35,0 throughtut the course of
investigation by adding recuisite wuantity of sterilized
distilled water from time to time. The growth of the
fuugus on litter surface in eaci. jar vas examined tho-
roughly from time to time.

2) Weight loss study -

The first sampling was done after one month of
the incornoration of litter bags in the jars on 6th..ay,
1978 and the subseguent samplings were done on the same
date of June, July, September, November upto January 1979
for & period of nine months.

Three jars were removed from inoculated sets and
three from uninocuieted sets respectively on each collec-~
tion date.The jars were opened and bags were collected for
the determination of weight loss. The bags were opened
in the . baboratory and the litter was carefully separated
and cleaned with the help of forcep to remove all the adhe-
ring soil particles armd then dried in a hot air oven in
vetridishes at 80°C until a constant dry weight was

’

obtained. Final dry weight of the samples was taken in electric
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balance and the percentage loss was calculated on the

bagis of oven dry weight of litter.

%) Chemical analysis of decompoging litter samples :-

Cellulose, hemicellulose and Lignin content of

decomposing litter samples of all the sets was estimated as
described earlier in the methods of field decomposition
studies (Chapter 3).

Collection of litter leachates and detection ef
phytotoxing were also carried out by the methods described

earlier in the chapter 3.

4) Estimation of 002 evolution from decomposing pine litter:-

002 evolution from litter was estimated from
inoculated and uninoculated sets respectively on each
sampling date, before the bags were taken out for the
determination of weight loss.

To measure 002 evodution 20 ml of 0.1 N Sodium
hydroxide solution plus phenolphthelin indicator were
pipetted into 50 ml beakers, these were then placed inside
the rectangular glass jars containing litter bags. The glass
jars were then sealed with airtight lids. After the
appropriate exposure time (24 hours) the jars were opened
and excess barium chloride (10% of the volume of absorbent
used ) was added to the absorbent to precipitate Potagsium
carbonate (macradyen,1970). The beakers were then taken to
laboratory and titration of the residual NaoH was made
againgt 0.1 N hydrochloric acid. The volume of NaoH reacting
with Co, was measured following Macfadyen (1970), 1 ml of

0.1 N NaoH used was taken to represent the absorption of
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1.118 ml of 002. During the course of each exposure
period the minimum and maximum soil temperature was
recorded from the jar and a mean temperature was calculated.
The measurement of 002 evolution from soil wiihout
litter bag was also done for control and finally the
reading of 002 evolved from litter was substracted from
the reading of 002 evolved from soil.
The result of 002 evolved from litter was then

expressed in ml/hr.
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The experimental findings on litter decomposition
are represented in the following order
A. Field decomposgition studiesg 3

1. Quantitative assessment of fungi, bacteria and
actinomycetes of pine leaf litter at different perieds of
decomposition during 1976-1977 and 1977-1978 are
represented in the Figs.21-24. Statistical analyses of
the results are depicted in the tables 60-65.

2. Records of percentage relative abundance and
frequency of fungal species from pine litter during
different periods of decomposition are represented in the
tables 66-69 and Figs.25-28.

3. Rate of pine litter decomposition on soil
under different plantations during 1976-1977 and
1977-1978, also the course of change in pH and moisture
content of litter during decomposition are represented in
the figs. 29-31. Statistical analyses ef the results are
depicted in the tables 70=75.

4. Records eof Co, evolution from decomposing
pine litter under natural condition and its possible
correlation with moisture content and total number of
‘microbes are depicted in the fig.32.

5. Quantitative estimation of cellulose,
hemicellulose, lignin, total seluble sugar and total
aminoacids present in pine leaf litier in different periods
of decomposition during 1976-1977 and 1977=1978 are
represented in the figs. 33-36.

6. Types of phytotoxins released from litter

during decomposition under natural condition are depicted
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B. Laboratory decomposition gtudies :

7. Morphological features of pine litter.

8. Dry weight loss and chemical changes in
decomposing pine litter by various fungal species are
represented in figs. 37-~38, and their statistical
analyses are represented in the tables 76-79 and 81.

9. Changes in pH of pine litter at wvarious
periods of decomposition is represented in the table 82,

10. Rate of Co, evolution from decomposing litter
by different fungal species are represented in the
fig.39 and their statistical analyses are depicted in the
tables 80 and 81.

11. Release of phytotokins during different periods
of decomposition by different fungal species are

represented in the figs. 45-47.

A, Field decomposition studieg @

(1) Quantitative assessment of fungi, bacteria and

actinomycetes on pine litter in different periods of

deconpogition under natural condition :-

The fungal population ef decomposing pine litter
was minimum on&ifstﬁampling date and the maximum at the
end of the decomposition. This trend was almost similar in
all the three plantations viz. 1955, 1965 and 1970,
studied during 1976-1977 (Pig.21). The population gradually
increased when the decomposition of the litter progresséd.
During the first few months of decomposition the increase

in fungal population was rapid when the moisture content



- 126

was also quite high (Fig.21). fhe funsal population on

ter of both 1055 and 1965 plantations attained

g
o
]
®
‘ —
s
ct

its pesk in the month of September when the molsture
content was very hizh (#ig.21). The powulation,there-
after rapidly decreased. The moisture content of
decomposing litter at this stage also declined. The
least populstion was nbscrved in the month orf varuary
wren the moisture content of the litter was belor ten
percent (Figz.21). Thereafter, the flungal -opulation of
the decomposing litter increased again and reached at
its peak in the nonth o May (Fis.21). The change
in fungal populationbf litter of 1965 plantation ex-
hivited a different tendency (Fig.21).Statiszically
significant positive correlation vas obgserved between
the fungal population and moisture content of deconm-
posing pine litter of all the plantations as the
values for the simultanecous weasurenents of moisture
content and fungal vnopulstioan was found to be highly
correlated (r = N.738, POt for 1955 plantation and
r = 0.501, P<.10 for 1965 plantation respectively,.
otatistically no significant variation in the fungal
porulation of cecomposing pine litser was observed be-
twaen the plantation studied durin: 1976-12977 but a
significant variation was observed between the different
periods of deconposition (Table 60).

During the second year of investigation, the

“
fungul ponulation o

4
(o7

ecomnosing lé=2f litter of 197N
plantation evhibited a Jdifferent ricture. Tlhough the
0o ulation vas minimum in the Beginning of decowposition,

it gradually increused and attoined a peak in the montr of
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July (Fig.24). No direct correlation could, however, be
observed between the fungal population and moisture
content. Different pattern was observed in the change

of fungal population of decomposing litter in the

second yesr (Fig.24). Statistically no significant
variation was observed in the fungal population of
decomposing pine litter of 1970 plantation between first
and second year studies (Table 63).

The bacterial and actinomycetes population of
pine litter was also less in the first sampling of
decomposing litter during 1976~1977 and increased
significantly at the end of the decomposition studies.
The population of hacteria and actinomycetes seems to be
regulated by the moisture content (Figs. 22,23). The same
trend was observed for all the three plantations. The
population of bacteria and actinomycetes on decomposing
.pine litter in all the plantations tncreased rapidly as
the decomposition progressed. The population of bacteria
attained its peak in the month of July, vhereas the
population of actinomycetes was maximum in the month of
September in all the plantations when the moisture content
was more than 60 percent. The population thereafter
declined and so was the case with moisture content (Fig.22)
This decreasing trend in the bafterial and actinomycetes
population on decomposing litter was observed upto
February after that the population increased again and

this trend continued upto the end of the decomposition
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studies (Figs. 22,2%). Statistically a significant
positive correlation was observed between bacterial
population and moisture content of decomposing litter
of all the plantations ( r = 0.884, P<.01 for 1955
plantation, r = 0.600, P < .05 for 1965 plantation
and r = 0.654, P<.05 for 1970 plantation ).
Statistically a significant positive correlation was
also observed between actinomycetes population and
moisture content of decomposifig litter of all the
plantations ( r = 0.521, P <.10 for 1955 plantation,
r = 0.648, P <.01 for 1965 plantation and r = 0.693,
P £ .01 for 1970 plantation respectively.

Statistically no significant variation in the
‘bacterial population of decomposing litter was observed
between different plantations but a significant variation
was observed between the different periods of litter
decomposition (Table 61). Variation in the actinomycetes
population of decomposing litter between different
plantations and between different periods of
decomposition was statistically significant (Table 62).

An interesting phenomenon was noticed for the
growth of fungi, bacteria and actinomycetes on
decomposing pine litter during 1976-~1977. As soon as
the moisture content of decomposing litter crossed more
than 70 percent the pepulation of all the three groups
declined very rapidly and the population could not
increase beyond this range of moisture content
(Figs. 21,22,23).

Same trend in the change of bacterial and
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actinomycetes population of decomposing litter of 1970
plantation was observed in the second year (Fig.24).Both
bacterial and actinomycetes population increased
gradually as the decomposition proceeded and attained a
peak in the month of September (Fig.24) and population
decreaged thereafter when moisture content of litter
crossed more than 70 percent.Statistically no correlation
vwasg observed between bacterial population and moisture
content of decomposing litter in second year but a
gignificant positive correlagtion was observed between
actinomycetes population and moisture content of
decomposing litter ( r = 0.749; P< .10 ).

Statistically no significant variation was observed
in the population of hacteria and actinomycetes on
decomposging pine litter of 1970 plantation between first
and second year studies (Tables 64 and 65).

2. Records of percentage relative abundance and frequency of

fungal specieg isolated from decomposing litter (based on
dilution plate method) -

Fourteen fungal species viz. 4 phycomycetes, one
ascomycetes (unidentified), 5 members of fungi imperfecti,
3 sterile mycelia and one member of yeast were isolated from
the decomposing pine leaf litter from litter bags of 1955

plantation (Table 66 and Fig.25).Trichoderma viride was

dominant fungus according to its percentage frequency
(Table 66 and Fig.25). One sterile white mycelia was very
common on decomposing litter and the rest fungi occured
sporadically. Penicillium chrysogenum, Trichoderma viride,

Cladogporium herbarum, Aureobasidium pullulans and a
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sterile white mycelia were isolated as initial mycoflora
of fresh pine needles before the litter bags were kept on
the forest floor (Table 66), at the early stage of
decomposition two members of phycomycetes like Pythium sp.
and Mucor hiemglis were observed to be dominant fungi in
the months of July and August respectively (Fig.25), but
one unidentified ascomycetes out-nunbered the phycomycetes
in the month of September. Thereafter, members of fungi
imperfecti were observed to be the dominant fungi of
decomposing litter upto the end of the studies (Table 66
and Fig.25).The relative abundance of Aureobasidium
pullulang vas very low in decomposing litter.

Thirteen fungal species, viz; 3 phybomycetes, seven
members of fungi imperfecti, one sterile white mycelia and
two members of yeast were isolated from the decomposing
pine litter of 1965 plantation. Not much variation was
observed in the quality of mycoflora present on the
decomposing litter of 1965 and 1955 plantation. Penicillium

chrysogenum, Trichoderma viride, and sterile white mycelia

were very common fungi on the decomposing litter of 1965

plantation (Table 67). Penicillium chrysogenum,Trichoderme

viride and Cladosporium herbgrum were isolated with very
high relative abundance in some months from decomposing
litter (Fig.26). Though members of phycomycetes like Mucor
hiemalis, Pythium sp. and Absidia cylindrospora took part
in the decomposition during different periods yet their
frequency and relative abundance were very low in
comparison with other fungi. It was observed from this

plantation that the different menbers of fungi imperfecti
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were dominant on the pine litter from early to later

stages of decemposition (Table 67 and fig.26).

Aureobasidium pullulans and Sporobolomyces roseus were
isolated from the decomposing litter bui their percentage
relative abundance and frequency were very low.

Fourteen fungal species viz. 3 phycemycetes,
seven members ef fungi imperfecti, three sterile mycelia
and one member of yeast were isolated from the decomposing
pine litter of 1970 plantation. Qualitatively almost
gsimilar forms of fungi were isolated from this plantation
as in case of the other two plantations. Penicillium
chrysogenum was a common fungus of the decomposing litter
of this plantation (Table 68, fig. 27). At the early pert
of decomposition two members of phycomycetes, Pythium sp.
and Mucor hiemalis were dominant on decomposing litter.
Later on different members of fungi imperfecti were
dominant on the decomposing litter (Fig.27).

During the second year investigation of pine
litter decomposition almost a different picture of
mycoflora was obtained. Only nine fungal species viz. 2
phycomycetes, five members of fungi imperfecti, one sterile
mycelia and a yeast species were isolated from the
decomposing pine litter of 1970 plantation. Penicillium
chrysogenum was dominant (Table 69 and Fig.28).

It was observed from this investigation that two
members of fungi imperfecti viz., Penicillium chrysogenum

and Fusarium gporotrichoides were dominant <forms on pine

litter at jitg:.early stage of decomposition from June -

September. As the decomposition was proceeding further

-
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these two fungi were outnumbered by Sporobolomyces roseus
with very high percentage relative abundance upto the end

of the studies (Fig.28).

3. Rate of pine litter decomposition on seil under

different plantations and courgse of change in pH and

moigture content of litter during decomposition :-

The rate of leaf litter breakdown on pine forest
8oil during 1976-1977 was comparatively slow than that of
second year studies i.e. during 1977-1978, (Figs. 29 and
30). During the first year of observation it was found
that weight loss of Pine litter was proceeding at
extremely slow rate in all the three plantations. Not more
than 20 percent of litter could decompose on the soil of
1955 and 1970 plantation even after six months of exposure
to the soil (Fig.29), but almost 30 percent was
decomposed in 1965 plantation. Thereafter pine litter,
lost weight at a faitrly constant rate over most of the
study period (Fig.29). After one year only 30 percent of
the litter was decomposed. Statistically, a significant
variation in litter decomposition was obtained between
plantations and between different periods of decomposition
during 1976~1977 (Table 70).

In the second year it was observed that rate of
d isappearance of pine litter was little faster on the soil
of both 1955 and 1970 plantation, and more than 20 percent
of litter was decomposed after six months from the onset
of decomposition studies (Fig.30). However, more than 30

percent of litter was decomposed after one year in 1955
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plantation and more tham 35 percent in 1970 plantation.
Statistically no significant variation was observed in
the decomposition of pine litter between different
plantations and between different periods of litter
decomposition (Table 71) during 1977-1978.

Moisture content and pH of decomposing pine
litter varied much during different periods of
decomposition in all the plantation during 1976-1977. A%
the very early part of decomposition i.e. in the months
of June, July and August the moisture content of
decomposing litter was extremely high. During the periods
moisture content reached above 70 percent in all the
plantations (Fig.31). Thereafter, the value decreased and
was below 20 percent in the month of February and again
it increased upto the month of May. At the onset of
decomposition the pH of the litter was above 5 in all the
cases. As the decomposition proceeded further litter
exhibited low pH walue and during the month of December
and January the litter became highly acidic (Fig.31).
Statistically a significant positive correlation was
obtained between moisture content and pH of decomposing
litter of 1955 and 1970 plantation ( r = 0.600 P < .05
for 1955 plantation and r = 0.792, P<.01 for 1970
plantation respectively ). Such a correlation was not
obtained for the litter of 1965 plantation.

Statistically no significant variation in the
moisture content and pH of decomposing litter was observed
between different plantations but significant variation was

obtained between different periods of decomposition
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(Tables 72,73). Statistically no significant variation

vas obtained in the moisture content of decomposing phne
litter of 1970 plantation between 1976-1977 and 1977-1978
observations, but there was a significant variation in the

pH (Tables 74 and 75).

4, Bvolution of Carbon dioxide from decomposing pine

litter and its possible cofrelation with moisture content

total microbial population and rate of decomposition :-

Statistically no strong correlation was observed
betveen 002 evolution and moisture content of decomposing
pine litter of 1970 plantation during 1977-1978. With
an increase in the moisture content of decomposing litter
a corresponding increase in the 002 production was
observed upto the month of Beptember 1977 (Fig.32).
Thereafter, however, it showed an indistinct tendency.
Highest amount of Co2 evolution from litter was observed
in the month of September when moisture content was very
high (Fig.32). However, values for simultaneous
measurements of Co, production and rate of litter
decomposition on the forest floor on the otherhand was
found to be positively correlated ( r = 0.769, P<<.10 ).

From this experiment a strong positive correlatiom
wvas also observed between 002 production and total
microbial population of decomposing litter (Fig.32) as the
values for 002 production and total microbial population

were highly correlated ( r = 0.810 » < .001 ).
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5. Estimation of nongoluble components like cellulose,

hemicellulose, lignin and soluble components like total

soluble sugar and total sminoacid present in pine litter
during different periods of decomposition :-

The initial amount of cellulose and hemicellulose

fractions were almost similar in the litter of 1955,1965
and 1970 plantations (Fig.33).The change in amounts of
these two components was almost similar in the litter of
all the three plantations during 1976-1977. The loss of
both the constituents followed total weight loss of pine
litter very closely. Both the cellulose and hemicellulose
fractions decreased more slowly during the first 3 months,
before declining rapidly in the later stages of
decomposition. However, percentages of hemicellulose
remained relatively constant in the leaf litter of all the
three plantations throughout the study period (Fig.33%). The
rate of cellulose breakdown was much faster than the rate
of hemicellulose and almost 50% of cellulose was lost from
the pine litter in one year period. This was similar for
all the three plantations (Fig.?3). during 1976=1977. Like
hemicellulose and cellulose, the initial content of the
lignin was also almost same in the pine litter of 1955,
1965 and 1970 plantations (Fig.33). The rate of
disappearance of this component was much lower than that of
the celilulose component., ln fact a constant amount was
observed for this fraction after two months of exposure of

litter on the forest floor upto January before declining

rapidly at the later stages of decomposition (Fig.33). The
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observation was similar for all the three plantations,
during 1976-1977. Almost a similar result was obtained

for these three components during second year of
investigation for litter decomposition in 1977-1978
(Fig.34). The initial contents of cellulose, hemicellulewe
and lign{n components were same in the litter of both

1955 {eldest) .and 1970 plantations. The loss of cellulese
was more slovwer during the first four to five months
before declining rapidly at the later stage of
decomposition (Fig.34) but percentage of hemicellulose
remained relatively constant throughout the study period.
The rate of disappearance of lignin content in decomposing
litter exhibited a similer trend like the first year
observation.Almost a constant amount of this component

was observed in the decomposing litter upto January
(Fig.34).

Changes in concentration of total sugar and total
amino acid, eonsidered to be two major soluble components
from pine needles, were followed throughout the study
period, during 1976-1978 (Figs. 35 and 36). The initial
concentration of total sugar was higher in the pine
reedles of 1965 and 1670 plantations than in the pine
needles of 1955 plantation during 1976~1977 observatioen
(Fig.35). However, the initial concentration of total
amino acid was almost same in the pine needles of all the
three plantations during 1976~1977 (Fig.36). Both these
components decreased very rapidly during the first one

month of litter decomposition (Fig.35 A and Fig.%6 R).
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However, after one month of litter deconposition an
ahsolute increase in the concentration of total sugar
in pine litter of 1970 plantotion wos measuredand this
incre~sed in concentration continued for the first four
months, before éeclining rapidly in the later stages of
déconposition (Fix.%5 A). In Ffact an increase in tke
cencentration 8f totval sugar was also noticed though
less in pine litter of other two plant- -tions during the
early stage of deconpositdgn but later on concentration
decreased rapidly. ‘he least amount of total -ugar was
measured in the l2st observation of the ecxperiment for
all the plant-tions (Fiz.35 a).

came wrg the case vith total awmino acid vhose
concentration also increase¢ during the early stage of
decomposition. after four months of decomposition,
however, a rapid decrease was marked in the cease of all
the three plantations and it continued till the end of
study (36 A). The least concentration of amino acid
vas noticed ir» the last observation.

A different picture was, however, noticed in
the change of concentration of both total sugar a2ud
total amino acid of pine litlter during 1977-1973 stu-
dies. The initial concentration of total sugar was
a2lmost same in the litter of both 1555 and 19790
piantations. No increase in the concentration of total
suzar in decomnoging litter was observed. udather a
rapid continucus fall in the con-entration vas
neasureé throughout the study period (Fi-s.35 ).

The initial concentration of total amino acid was,
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however, higher in the litter of 1955 plantation. No
increase in the concentration of total amino acid was
noticed at the early stage of decomposition. The
concentration of total amino acid also dropped rapidly

in both the case throughout the study period (Fig.36 B).

6. Types of phytotoxing released from litter during
different periods of decomposition under metural

condition ¢~

The liberation of phytotoxinse from the decomposing
Pine needles at different time periods was studied during
1976-1977 and 1977-1978. It was observed that phytotoxins
were released from the decomposing litter of all the
plantations throughout the study period (Figs.40-44),
but different phytotoxins were produced during different
vperiods.of litter decomposition. 3,4 dihydroxybenzoic
acid, P - coumaric acid, protocatechuic acid and
Gentisik acid were produced from pine litter of 1955
plantation during 1976-1977, (Fig.40). Mostly
protocatechuic acid was liberated in the early and later
stages of litter decomposition but 3,4 dihydroxybenzoic
acid was detected from September to December (Fig.40).
Two more phytotoxins, P-coumaric acid and Gentisik acid
were detected at the early stage.

3,4 dihydroxybenzoic acid, P-coumaric acid,
protocatechuic acid, Gentisik acid and Caffeic acid were
detected from the litter of 1965 plantation. Generally,

3,4 dihydroxybenzoic acid and protocatechuic acid were
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liberated in the early and middle stage of litter
decomposition. As the decomposition proceeded further
caffeic acid along with protocatechuilc acid were
releagsed (Fig.41).

Only three phytotoxins were detected from the
decomposing pine litter of 1970 plantation,3,4
dihydroxybenzoic acid was liberated throughout the
decomposition period. P-coumaric acid was detected at
the middle stage of decomposition (Fig.42).

Five phytotoxins were detected in the pine litter
of 1955 plantation in the second year of investigation.
P-coumaric acid and caffeic acid were frequently present
during the early and middle stages of litter
decomposition but as the decomposition proceeded further
Protocatechuic acid and Venillic acid were liberated at
the Jatterstages. Quinic acid was detected at the early
stage (Fig.43).

Seven phytotoxins were detected from the pine
litter of 1970 plantation during second year of
investigation. Protocatechuic acid was detected in the
early stage of decomposition. P~ coumaric acid, Gentisik
acid and Caffeic acid were released in the middle stage
of decomposition. Quinic, P-coumaric and Venitlic acids

were detected 2t the later stage (Fig.44).

B. laboratory decomposition studies :
7. Morphological features of pine litter :-

The physical characters, including colour and

texture, of the autoclaved pine litter before inoculation
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appeared to be identical with those of the original
unsterilized litter.
In six months healthy mycelium of all species

tested, except Sporobolomyces roseus, covered the samples

of pine litter placed in glass jars on previously
inoculated soil. Growth of Penicillium chrysogenum and
Trichoderma viride, in particular was vigorous on litter
and they spored heavily. The growth of all species tested

except Sporobolomyces roseug was very prominent in soil

just after one month of inoculation.

Softening and blackening of pine litter by
Trichoderma viride and Penicillium chrysogenum was the
most spectacular macroscopic change during the
decomposition process. In six months the brown needles
were changed by these fungi to white and black pulp.
These changes were accompanied by some decblorization of
the epidermis and removal of some dark brown tennin-like
substance. Black lesions were observed on the needles
after six months 1a al: the sets inoculated with
different fungi. In mixed sets the growth of both
Trichoderma viride and Penicillium chrysogenum was more
prominent on litter than any other fungi.

8. Dry weight logg &~

Difference in the percentage dry weight of pine
leaf after various period of decomposition by the fungal
species was statistically significant, (Table 76).

Changes in dry weight of pine leaf litter which
occured due to the six fungal and orne mixed cultures are

recorde@ in table 81, it exhibit considerable difference
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and losses ranged from less than 7 to 25, in nine

months. In &ll cases except Absidia cylindrospora,

Penicillium chrysosenun and 3porobolomyces roseus,

the di’ference was highly significant from control.
The values for percentage dry weight of pine
litter after various inevubation periods witn different
fungal species are represented in Fig.37.
The rate of dry weignt loss caused by Abgidia

cylindrospora and iucor hienallsg was very raplid during

first two months and it declined during the sec.nd
two month periods. The relatively small change in
weight caused in the last two months by thése funsi
can be related to their slow spread over the litter,
ard not more than 25, of dry weight loss vas observed
in nine months by these two species (Fig.37).

The rate of dry weight loss caused by other
fungal species and mixed inocula was <radual dwring
ti.e first phase of decomposition and in no case the
dry weigsht loss was 2nore than 25, in nine months period
( i5.37). Less decoaposition occured in litters

inoculated with Penicilliium chrvsogenumn.

Changes in chemical composition :- Changes in

percentage cellulose, henicellulose,and lignin contents
of pine litter over nine months period were considered
The difference in the percentage dry weight of cellulose

and henicellulose remained after various periocs of
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decouposition by different fungal species were
statistically significant (Tables 77-78). No such
significaht difference was observed for lignin content
of litter (Table 79).

Changes in percentage dry weight of all these
three components in pine litter which occured by nine
months period: by different rynppl species and mixed
inoculum are recorded in Table 81. A 't' test was made
on a comparison between the mean of the species with the
percentage losses of these three coumponents and the mean
of the control.The differences in the percentage dry
weight of cellulose caused by lucor hiemalis, Irichodermsa
viride, Cladosporium herbprum, Sporobolomyces roseus and
mixed inoculum were highly significant from control. The
differences in the percentage dry weight of hemicellulose
caused by Absidia cylindrospora, Trichoderma viride,

Penicillium chrysogenum and mixed inoculum were also

highly significant from control but no differences in the
percentage dry weight of lignin content by different
inoculum was observed from control (Table 81).

The loss of cellulose was least in tﬁe control sets
than the inoculated sets (Fig.3?8). The loss of cellulose
caused by different species was very rapid during the
first three months of decomposition. Subsequently, decrease
cellulose content was gradual. The highest loss in
cellulose content was observed in the litter inoculated
with Mucor hiemalis and was followed by mixed culture
(Fig.38).

The loss of lignin in nine months period was
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least in control than inoculated sets (Fig.38). A
gradual loss in lignin was observed in all the sets and
the highest loss was observed in the litter inoculated
with Irichoderma viride (Fig.38). Sporobolomyces roseug
and mixed inoculum followed next.

A .gradual loss in hemicellulose was observed
during the first three months before declining rapidly
in later stages. The loss in hemicellulose due to
different fungal species was appreciably high and after
nipe months the loss was 11, This loss was relatively
lees in litter inoculated with Trichoderma viride
(Fig.38). Significant differences were observed in the
loss of hemicellulose in the litter inoculafed with

Abgidia, Trichoderma, Penicillium and mixed inoculum than

the control (Fig.81).
However, loss of all these three constituents
from pine litter followed total weight loss very closely.

9. Hydrogen ion concentration :- The pine leaf litter was

less acidic during first six months of decomposition but
the ph value decrecased further bhelow 4.0 after nine
months in all irrespective of inoculated and
noninoculated sets.

10. 992 evolution from decomposing litter :- Co, evolution

‘from pine litter inoculated with different fungal species
and during different period of decomposition wae recorded.
The differenc~s in the vo, evolution from
decomposing pine litter inoculated with different fungal

gpecies were statistically significant, the variation in
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002 evolution during different periods of decomposition
was also statistically sighificant (Table 80).

Changes in 002 evolution from decomposing litter
vhich ocecured in relation to different fungal cultures
and in mixed inoculum are recorded in table 81.
Considerable differcnce was observed in the 002 evolution
from decomposing litter inoculated with different fungal
species. A 't' test was made on a comparison between the
megn of 002 evolved from inoculated sets with those of
controls. In all cases except Abgidia cylindrospora and
Mucor hiemalis the difference was highly significant from
control (Table 81 and Fig.3%9). No significant correlation
wag observed in the 002 evolution and the soil temperature
as well as 002 evolution and dry weight loss of pine litter.

11. Phytotoxins released during decomposition of pine

litter by different fungal species i~

From the laboratory decomposition studies of pine
litter it has been found that during first three months of
litter decomposition different types of phytotoxins were
releagsed from litter inoculated with different fungi
(Figs. 45-47). No phytotoxins were detected from the
litter leachates after 90 daws of decomposition.
Phytotoxins were, however, detected from the control sets
also.

3,4 dihydroxybenzoic acié and caffeic acid were
detected from the uninoculated control sets during the
first month of decomposition. Protocatechuie, caffeic and

guinic acids were detected from the leachates of pine
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litter inoculated with lsucor hiemalis. 3,4 dihydroxyben-

zoic acid, caffeic and gentisik acid were deteéted from
the leachates of pine 1iiter incculated with Absidia

cylindrospora and Trichoderms viride. 3,4 dihydroxzybenzoic

acid, Protocatechuic, P-coumaric and cquinic acid were
detected from leachates of pine litter inoculateld with

Cladospcerium herbgarumn. uLilser inoculated vith fenicil.iium

chrysogenun produced only caffeic acid in the first wonth

b} -0

of decoumposition. Protocatechuic acid was detected fron

leachates of pine litter inoculated with Pporobolomyces

e

roseus and mixed inoculum.

During the second ~onth of litter cdecomposition
protocsatechmic acid was detected only from control sets.
3,4 dihvdroxybenzoic acid and gentisik acid was detected
from siucor inoculzted set.uo toxins could be detected in
the leachates of Abgsidia inoculated litter in second
nonth. 7,4 dihydroxybenzoic acid, venillic and qguinic

acids vere released in the litter inoculated with Yenicil-

lium chrvsogenum. Protocatechuic, ferulic, gentisik,
quinic acids were detected in the pine litter inoculated

vith Cladospdrium herbarum. 3,4 dihydroxybengoic, ferulic,

protocatecnuic, gentieilr and caffeic acids were detected

from the lititer inoculated with Trichoderma viride.

Sporobolomyces roseus and mixed inoculum respectively.

Durinzs the first two months of decomposition highest
nunber of phytotoxins were detected from the litter

inoculated with Clsdosporium herbarum, also maximum

number of toxins were produced during these periods

(Figs.45-47).
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During the third month of litter decomposition
very less number of toxins were produced. Only four
phytotoxins wvere produced during this period from the
different sets. 3,4 dihydroxybenzoic acid was very
common and was detected from almost all leachates

(Fig.47).



Figure - 21

Sessonal variation and covrelz2tion
1in fungel populetion ana ..o0isture
content of decomnosing pine

leaf litler from litter bags kept
on the forest floor of three
different plantatiornsc duvring

1976-1977.,
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Figure -~ 22

Seasonal variation and correlation 1n
bacte rial population and noisture
content of decomposing wine leaf
litter from litter bags ept on the
forest floor of three di “erent

plantations during 1976-1977.
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Fisure ~ 23

Seagonal varistbon and correlation 1n

actinomycetes population and moisture
content of decomposing pine leaf
litter from litter bage @ pt on tne

forest floor of three different

plantations during 1776-1977.
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Fiure - 24 : Seasonal variation and correlation m
fungal, hacterial, actino i ycetes
population and moisture content of
decomposing pime leaf litter from
litter bags kept on the forest
£loor of 1970 plantation during

1977-1978.
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1

igure - 25 : Histosrams showing the percentage
relative abundance of various fungal
species occured on pine leaf l1itter
of 1955 plantation at various periods

of decomposition during 1976-1977.
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Figure - 2

-
o]

Histograms showing the percentage
relative abundance of wvarious fungal
species occured on pine leaf litter
of 1965 plantation at various periods
of decontosition during 1970-1277.
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Figure -~ 27 : Histogfams showing the percentage
relative abundance of various
fungal species occured on pine
leaf li~ter of 1977 plantation at
garious periods of decomposition
during 1976-1977.
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Figure -~ 28 : Histograms showing the percentage
relative abundance of various
fungal species occured on pine
leaf litter of 1970 plantation at
various periods of decomposition
during 1977-1978.

1 = Mucor hiemalis, 2 = Eythium sp.,

Cladosporium herbmrum,

-~ W
I}

= wporobolomyces rogeus,

\J1
!

= (ladosporium herbarun,

(@)
i

Yrichocderma viride,

7 = Fusarium gporotrichoides,
8

I

fhoma humiccla, 9 = 3terile

white mycelia.
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Figure - 29 : Percentage of tie ori.inal dry
veight °f jine leaf litcer remaining
after various periods of decomposi-
tion on the forest floor of three

different plantations during 1976~

1977 (Nvlon bag technique).
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Figure - 30 : Percentagze of the original dry
welght of pine leaf litter remaining
after various periods of decomposi-
tion on the forest floor of two
different uvliantations during 1977~

1278 (uylon bag tefhnigue).
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Figure - 31 : Bhowing course of change ol ph
and rolsture content of pine leaf
litter wept on the forest floor
of three di“ferentv plantntions,

at various periodsg of

decomposition.
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Figure -

3

2

Belationship Dbetwveen total nunmber
of microbts, carbondioxide,
evoluticn and moisture .content of
pine litter of 197" plantction at
various periods of decomposition

during 1977-1978.
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Fisjure - 33

.

Histograms éhowing'percentage or

cellulose, lignin and hemicellulose
o pine leaf litter remaining siter
various periods of decompositiozn on
the forest floor of three different

plantations during 1976-1977.
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Fijure - 34 : Histograms showing percentase cellu-
lose, lignin and hemicellulose of
pine leef litter remaining after
various periods of decompocition on
the forest floor of tvo different

plantatiors during 1977-1978.
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Figure - 35 : (A) Showing censentration of total
sugar of pine leaf litter of three
different plantetion remaining
after various period of decomposi-
tion during 1976-1977.

(B) Showing concentration of total
sugar of pine leaf litter of only two
plantetions rem2ining after various
period- of decomposition during

1977~1978.
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Figure ~ 36 : (&) Shoving concenitation of total
amino acid of pine leaf litter of
three cifferent plantations remei-
ning after various period: of
decomposition during 1976-1977.

(B) Showing concentretion of total
amigo zcid of pine leaf liitter of
on.y two plarntations remaining
after various perioc¢ - of cecomposi-

tion during 1977-78.
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Fijure - 37 ¢ Showving percenta,e of original dry
veight of pine leef litter remai-
ning after various period of
decomposition by certain .ielected
funsal species under laboratory
condition.

Selected fungsl species : 1=Control,
2
3

viride, 5 = renicillium chrvsogenum,

Absicia c¢yiindrospore,

i

i

Mucor hiemalis, 4 = Lrichoderma

-
o]

Cluedosporiuwu herbarua,

7 Sporocboulomyces rogeus, 8 = Mixed

i

inoculium.
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Fisure - 38 t Shoving percentsge of cellulose,
hemicelluloce and 1isnin remaining
in pine litter sfter various period:
cf decompcsitien by certain
selected fungal species uncer
laboratory condition.

Selected fungal species : 1=Control

¥

2 = Abgidia cylindrospors, 3=.UcCOr

hiemalig, 4 = Lrichoderma viride,

5 = Penicillium chrysogenun, ’

b = Cladosrporiumn herbarun,

7 = Sporobolomyces roseus, 8

8 = kixed inoculun.
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Figure - 39 : Showin: ewolution of Co2 from pine
litter &t various period. of decom-
position by certain sel-cved
fungal species uncer labvorstory

itioh.

o
o

cn
selected Tungal species : 1=Control,

2 = npsidia eylindrospora, 3=Mucor

hiemalis, 4 = Lrikhoderwma viride,

5 = rYenicillium chrysogenurn,

6 = Cladosporium herbaum,

7 = Sporoboloiyces roseus

= Mixed inoculum.
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Figure - 49 & 0701170 T gnowin tne srecence

of wvariovg ~hrbotoxing in leachs te

ol deco posin_ pine 11 er.

1 = 3,4 dilydroxybeazoic acid.

[}
i

= ¥, fOunaric =zcid

srovocatechuic veid

~1 X
{l
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Chromigo rax showing the osresence
0f various phytotovwing in lewchates
of decompneing pine litter,
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Jreure = 4% ¢ Jiiroaatosr2 . shovuing the presence
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Fisure - 14 ¢ vurcimtosra 1 showin,, the presence

of various phytdtering i lrichetes
of decomyvosing pine Lilter.

2 = P, couméric =scic
4 = Venillic acid
5 = yuinic aci®:

Brotdcatec.ic Ccica

(@
I

7 = genticik acic

(0
)

= Ccffeic acid

2 = ,nidentificd R* = 0.020.
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Tigure = 45 @ Dwvome to jra s showin:g, the sreseuce of

o

virious vhytotor_ ~g in leachates of

L

omne litter deconjosed in laboratory

5

condition hy certoin celectei fungal

sveclen.

rhr%oteovizs : 1 - 7,4 lilydrovvpenzoic
acid

2 = r, couaric acid

5 = Quinic ucid

b = .rotocatecuntic acid

7 = rentici acid

= Cefleic Pcid

? = Jnidentified If = 2.913.

.

Jelected Tungzal spceies - CC = uontrol
] = M cor_hienalis

ac = beirin eylind coLnora

G o= “Yrichoderia viride

Cu = <Clescogorinn herbarun

o= ZendcilTium cLreo.esun

Jr = wouoroholoywees proseus

= dzred inoculum,
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Hioure - 46 : Choouzto:ra. sho in tle _regonce
o various pnysovtoxins .. lenclates
of wiire LiLuver decoawonc? i
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A. Field decomposition studies :-

Initially lesser microbial population from
litter kept on the forest floors may be partly because
of resistant nature of pine needles towards the first
wave of microbial attack (Figs. 21-24). Further, lew
moisture content at the time (Figs. 21-24) perhaps
did not favour leaching of soluble nutrients to suppert
the nmicrobial growth. As the litter within the bags
were exposed further to weathering on the forest floor,
more soluble nutrients were available im the foram of
soluble sugars and amino acids as these two constituents
were rapidly lost at the early stages of decomposition
(Figs. 35,36). Moisture content of litter which was
fairly high due to high rainfall, also probably helped
in the bu¥lt up of the microbial population (Figs.21-24).
It seems, therefore,that moisture content and nutrient
status of litter under natural condition play a
significant role in the growth of microflora during the
process of decomposition. Rai (1973) stressed the
importance of moisture content and nutrient status of
substrate in the succession of fungi on decaying leaves.
Jengen (1974) also emphasized that in more resistant
litter, development of bacterial flora is slower, and
the number may increase gradually over a long period
owing to improved moisture conditioms.

Again an excess moisture content led to a decrease
in microbial-population on decomposing pine litter
(Figs.21-24). This could be due to lack of aeration which

affected microbial activity adversely (Mikola, 1954;
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Witkamp, 1966).

Significant seasonal changes in the microbial
population on decomposing litter was observed.

(Tables 60,61,62). Seasonal changes in the atmospheric
temperature, rainfall and humidity (Fig.13) seems to
have pronounced impact on the competitive saprophytic
ability of microbes, and on the guantity of nutrients
present in decomposing litter. Holm and Jensen (1972)
also observed that the bacterial numbers in
decomposing litter of Fagus sylvatica were affected
more by the changing weather conditiomns than by age

of the litter.

A gradual increase in the litter microflora
at the early stage of decomposition (Figs. 21-24) may
be also explained due to intensive activity of the
fauna which exposed litter surface for rapid
decomposition. This has beern confirmed by the studies
conducted on the litter under the same conditions by
Reddy (unpublished). The importance of the micro fauna
in the litter decomposition has been well documented by

several workers,(Abrahamsen, 1972; Anderson,1975)

The increase in the microflora during rainy
(July-September) and summer (March-May) and subsequent
decrease in the population during winter months shows
a definite affect of weathering on changing microflora of
decomposing litter umder natural condition (Figs. 21-24).

pH of pine litter invariably affected the growth
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of fungi of the decomposing litter. Acidic nature of
litter perhaps favoured the growth of more and more
fungi om decomposing litter. The role of bacteria in
decomposition of acidic litter is not clear (Miller,
1974). However, in the present study & overwhelming
dominance of hacteria and actinomycetes on the
decomposing litter suggests that pH is not a critical
factor for the growth of these organisms in the nature
where other factors are also operating simultaneously.
Mikola et al (1957) also reported a dominance of
bacteria on Pinus sylvestris litter in Finland. Stout
(1961) and Goodfellow et al, (1968) on the otherhand
reported a fairly large quantity of bacteria in litter
of Pinug radiata and Pinus nigra respectively.

Insignificant variation in the fungal and
bacterial population of decomposing litter between
different pine stands is in agreement with the result
of Witkamp (1966 )(Tables 60,61). It may partly be due
to the exposure of litter practically under the
influence of same environment of the locality and also
due to the presence of almost similar nutrient status
of litter of all the stands. The quantity of cellulose,
hemicellulose, lignin, total sugar and aminoacids are
almost same in the litter of all the stands (Figs.29,
33,35,36).

A small number of fungi including few
phycomycetes, yeasts and majority of deuteromycetes

particularly species of Irichoderms, Penicilg!;m,

Cladosporium, appeared on the decomposing needles of
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2ll the plantations without any regular sequence

(Tables 66-69). Several of them particularly Pythium

sp., Penicillium chrysogenum, Irichoderma viride,
Cladosporium herbgrum and sterile white mycelia were
isolated with high frequency but majority of the fungl
exhibited low percentage occurence (Figs.25-28). Many
of them were present on the litter with fairly large
population on different sampling periods. The dynamic
changes in the microbial balance (Garrett, 1963),
certain antagonistic factors (Lockwood, 1964), nutrient
status of the decomposing litter and the release of
different subgtances seems to govern the discontinuous
occurence of litter fungi in varying frequencies.

The reason for the occurence of very small
number of fungal species on decomposing pine litter in
comparison to the litter of other tree species may be
due to release of phenclic compounds (Phytotoxic
substances) which have been identified from decomposing
litter (Figs. 40-44) (Tables 66-69). In a few casesy,
however, phenolic substances particularly Ferulic acid
is found to be utilized by microfungi of both litter
and soil {Black and Dix, 1976). The inhibitory action
of other phytotoxins in litter decomposition is well
documented by Patrick et al (1964); Toussoun et gl
(1968); Patrick, (1971) and Lockwood,(1963).

Also'gerial dilution plate technique'for the

isolation of fungi from litter might have fagoured the
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growth of only those organisms which are mutritionally
and competitively better favoured on the plates.
Inspite of this Lacunae,this method has been widely
used for such studies (Guillemat et al, 1957; Witkamp
1963). Feilure to interpret plate counts in the past
is presumably due to the results based on too few
samplings. Dilution plate method therefore may not be
a reason for low counts of the fungi. Production of
phytotoxins seems to play a doainant role for such a
low number of fungal species on decomposing litter.
Mishra et al (unpublished) recently observed the
inhibition in the growth of certain fungi in pine
litter leachates which they expect to be due to the
production of some phytotoxins from pine needles.

The occurence of two phycomycetes, Pythium sp.
and Mucor hiemalis as dominant forms at the early stage
of litter decomposition is due to their greater affinity
towards sugars and aminoacids liberated (Figs. 25=27).
In general early colonizers of conifers litter are
bacteria, ascomycetes, deuteromycetes and some
basidiomycetes, which attack simple carbohydrates and
cellulose. These are followed by phycomycetes,
particularly members of mucorales which can utilize the
fungal breakdown products, perhaps in combination with
meiofauna (Miller, 1974). Considerable defrease and
rather disappearance of phycomycetes at later stages
may be due to changed nature of the substrate,

The present study showed that majority of the
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total mycoflora is represented by the deuteromycetes,

particularly Irichoderma viride, Penicillium

chrysozenum and Cladogporium herbarum (Figs.25-28).

The deuteromycetes have been found to play the most
important role in pine litter decomposition. Occurence
of the above mentioned fungi on decomposing litter

could be explained in terms of their adaptation to
utilize different phytotoxic compounds from

decomposing litter (Black et al 1976). The nature and
the environmental conditions of the microhabitatb
exercise a broad selective effect upon the kind of
microorganisms that enter into the competition. A #
definite correlation appears between the substrate and
the different fungi that colonize it. As plant materials
are decomposed by fungi, a variety of organic substances
are presented in turn to a succession of ecological
groups of fungi, each organism or group of organisms
altering the organic constituents until complete
decomposition oceurs (Alexander, 1961; Garrett,1951).
These organic constituents serve the basgis for classfying
the fungi into different ecological groups; the sugar
fungi (Burges, 1939) that decompose simple carbon
compounds and sugars, mostly the phycomycetes which are
called 'primary colonizers'. These, in turn, are followed
by cellulose decomposing fungi which include the members
of ascomycetes and several imperfect fungi. These forms
are grouped as 'secondary colonizers'. The fungi which

are regsponsible for the decomposition of lignin like
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complex forms of nutrients, appear in the last, and
most of the basidiomycetes fall in this category
(Garrett, 1963).

The presence of greater number of sterile forms
in high frequenecy throughout decomposition period may be
due to their high saprophytic ability which facilitate
their survival even under adverse circumstances
(Figs.25=27). Similar views were put forward by other
workers as well as (Nicot, 1960; Gadgil}1965; Mishra,
1966 a,b; Singh, 1967; Kanaujia, 1973).

The rate of decomposition of Pine litter is
extremely slow (Figs.29-30). It is perhaps primarily due
to a combination of a low~base status substrate (Fig.31)
containing resistant substances such as waxes, resins
and lignin and the cold climate. These conditions do
not favour an active microflora or meiofauna (Tables
66-69). Miller (1974) also put forward a similar view
regarding the decomposition of coniferous leaf litter.
Kendrick (1959) observed that a pine needle remains in
the L ayer for about 6 months, in the F layer for
2 years and in the F2 layer for 7.5 years. Guittet
(1967 ) also made a similar estimate for the rate of ;.
pine litter decomposition in grance, the time to reaéh
pine litter imto humus stage being approximately 10 years.
Mayer (1962) estimated that duration for the
decompogition of Picea abies varied between 17 and 31
years for complete mineralization. The loss in dry

veight of Pine litter at the early stage of decomposition
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i.e, from June~September wag little faster than rest
of the study periods (Figs.29-30).This is primarily
due to an increase in the moisture condition of the
litter high rainfall and increase in atmospheric
temperature (Figs.13 and 31).These environmental
factors have been suggested to govern the rate of
litter decomposition (Williams and Gray 1974). Also
during that periods litter microflora increased very
rapidly probably due to rapid utilization of soluble
sugar and amono acid from Pine litter (Figs.35 4,B
and 36 A,R).

Again an excess of moisture in litter (Fig.31)
probably suppressed the rate of decomposition during the
middle d4nd Tatter gtages due to lack of aeration and
reduction in microbial activity (Mikola, 1954; Witkamp,
1966). It has been noted that soil moisture and
temperature control the movement and feeding activity
of microfauna, (Hayes, 1965; Metz,1971; Usher,1970).
Exclusion of larger soil fauna including earthworms
due to small mesh size of the litter bags used in the
present study may also account for the slow rate of
decomposition.

There have been few detail studies specifically
on the chemigtry of the decomposition of coniferous
litter, Sokolov and Karpova (1965) studied decomposition,
humification and mineralization in & mixed pine forest
podsol (Miller,1974). They founc that first substances
decomposed were the water soluble, 8leohol and benzene

extractives such as gtarchsemicellulose and
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amino acids, Liznin was decomposed later. admost a

gimilar result was observed in the present investigation
vhere pate of disappearance of total sugar, amino acid and
hemicellulose was much faster than any other components
(Figs.35 &, 35 B, and 36 & and 36 B).lhese studies suggest
that autolytic process in deconposing litter lead very
quickly to the decomposition of sugars. Proteins and amino
acids and the compounds which are di "ficult to uydrol -se are
lignin andé cellulose. s Tne population of deutéromyjcetes
fungi increased during decomposition more cellulose was
decouposed (Fig.3%-3%4). The constancy of the percentage

of lignin in decomposing litter under natural condition
could be due to the slow exposure of this constituent to
microbial metabolism through the removal of other

components.

A substantial increase in the concentration of
total sugar and amino acids during the early stacze of
litter decomposition (Figs. 35 =& and 36 B) suggests the
possibility of the incorporation of fungal mycelia and
small animals with litter due to the increased activity of
microbes during this period. Such increase in the absolute
amount of nitrosen in the ocak litter during first 10 months

of decomposition was observed by Gilbert et al (1960, and

he correlated this with presence of small animals invading
the litter, which could not be sorted out during estimation.
Barlier, 3aito (1957) also demonstrated a similar increase
in nitrogen in beech litter during the course of decompo-
sition but he did not sus est a possible cause. Recently
Das, ( unpublished ) also accounted = similar

increase 1in percentage nitrogen
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in pine litter during certain periods of decomposition
under natural condition. Litter bags method has become
a standard technique for estimating fhe decomposition
rate of leaves, comparing the decomposition of various
species, and characterizing different geographic areas
(Ando 1970; Gosz et al 1973; Macauley 1975; Mikola
1960; Witkamp, 1966). A significant difference was
observed in the rate of pine leaf decomposition.undev
different stands in the same locality (Table 70). It
may primarily be due to certain abiotic factors which
could not be accounted here. Mikola (1960), for instance,
found no clear difference in decomposition of litter in
pine and spruce stands in the same locality but he did
find a difference between stands in Southern and
Northern Finland.

Measurements of 002 production in the field are
frequently used in estimations of rates of organic
matter breakdown (Roes et al 1973). Significant positive
correlations between 002 evolution and rate of weight
loss from the present study will aid in the prediction
of decay rates and rates of mineral turnover in the
forest floor under various ecological conditions. Witkamp
(1966) also observed a similar positive correlation between
002 evolution and rate of weight loss of decomposing
litter under field conditions.

Significant positive correlations also existed for

mean annual 002 production and a combined estimate for

microbial population (r = 0.810 p£0.001). This estimate
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that under the wide variety of ecological conditions both
counts repregent equal breakdown potentials (Witkamp, 1963 ).
B. Laboratory decomposition studies :-

A significaent difference in the dry weight loss
of litter caused by different fungal species under
laboratory condition indicates thet different fungal
species have different decomposing ability even under the
identical environmental situations (Table 76)(Fig.37). The
present study was carried out at room temperature for all
the species tested and the moisture content of so0il was
also identical for each set. The variation in the
percentage loss of cellulose and hemicellulose (Tables
77-78) {(Fig.38).by different fungal species suggests that
the rate of decomposition of an organic material is
closely linked with growth of the organisms associated
with decomposition. The rate of decomposition of any
substrate is generally proportional to the growth rate
of its decomposers (Parnas, 1975).

However, if we compare the rate of pine litter
decomposition in laboratory condition with that of forest
floor we find that comparatively less amount of litter was
decomposed under the laboratory condition. Only 7-25 % of
litter was decomposed in nine months (Fig.37). This may be
primarily due to the total exclusion of decomposer fauna
from both the s0il and litter due to steriligation, and
also due to several biotic and abiotic factors, which
influence the rate of litter decomposition under field
conditions The importance of microfauna in decomposition

of forest litter has been well documented by several



authors (Heath and King, 19g4§8lvlindemagg§ al,1967;
Abrahamsen,1972;and Anderson,1975). Their exclusion
from the litter will substantially decrease the rate

of decomposition. In” laboratory experiments, where
faunal activity was excluded, Broadfoot and Pierre
(1939) and Lossaint (1953) found that the most important
factors controlling the decomposition rate were the
contents of water soluble organic matter, nitrogen,
excess-base and calcium. The soluble organic substances
were important mainly in the initial phase and excess
bage and soluble calcium during the later stages of
decomposition.

Plants contain a variety of polyhydroxy phenols
which vary from 5% to 154 of their dry weight. Some may
be extracted with water to give tannins and they may be
thus leached from litters into the soil. There is
increasing amount of evidence for the importance of these
substances in controlling rates of litter decomposition
(Williams and Gray, 1974). During the course of the
present investigation, it was observed that pine leaf
litter decomposing in sterile soils amended separately
vith certain fungal isolates produced more phytotoxic
substances during the early stage (Figs. 45-47). Production
of excess of these substances affected the growth of the
fungus adversely and this probably accounted for slow rate
of decomposition at the later stage.

As regarés the loss of celluldse, hemicellulose
and lignin content of pine litter different species of

fungi exhibited varied ability to decompose the three
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constituents (Fig.%B8). The more loss of cellulose and
hemicellulose caused by Mucor hiemalis, Trichoderma
viride, Cladosporium herbarum, Sporobolomyces roseus,
Absidia cylindrospora, Penicillium chrysogenum and
mixed inoculum (Table 81), suggests their more affinity
towards the rapid utilization of carbohydrates for
better adaptation.

In the present study the active degradation of
cellulese and hemicellulose by the test fungi probably
led to the production of toxins which perhaps adversely
affected the growing fungi further to decompose lignin
(Figs. 45-47). 1t is believed that these toxic compounds
are intermediate bréakdown products of eellulose and
other plant comstituents (Patrick and Toussoun, 1965).
Miller (1955) and Miller et a8l (1958) have also made the
gimilar reports.

More carbondioxide production from litter
inoculated with ITrichoderma viride, Penicillium

chrysogenum, Cladosporium herbarumk Sporobolomyces roseus

and mixed culture suggests their efficiency to decompose

the substrate during different periods (Table 81). A
substantial increase in the evolution of 002 Tfrom litter
of all the sets during early stages of decomposition
indicates imitially a rapid breakdown of litter by
different fungi (Fig.39). With the progress of
decompogition, however, more toxic compounds were perhaps
produced due to which the growth of the inoculated fungi
wasg probably inhibited on litter and therefore a decline

in the carbon dioxide production was observed at the

latter stages (Fig.39).
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Since the recognition of the phenomenon of
mycostasis in soil, attention has been given to the role
of améndments on the growth and activities of soil microbes.
The theory underlying the biologieal control of soil-born
plant pathogens depends on amending the soil with crop
residues. This activates the saprophytes for active
decomposition resulting into a state of mierobial
conmpetition and antibiosis vhich are detrimental to the
pathogens (Forbes, 1974).

The production by so0il microorganisms of chemicals
toxic to others is well known and it is frequent during
active growth of the microbes. It is untenable to suggest
that microorganisms, despite their vast numbers in soil
compete for physical spece, it is expected, however, that
they compete for sites, free from toxic substances. Plant
regidues added to the soil are thus both a source of
available nutrients, and are a fresh physical substratum
in which antibiosis is at a minimum.

The addition of plant residues to soil provides
soluble and easily available energy materiasls which results
in explosion of microbial activity (Burges, 1967).

Plant debris is usually a principal substrate added
to the so0il system and it plays an importent role in
maintaining soil fertiXity, affecting both the physical
structure of the soil and its nutrient status. The study of
plant residues and their decomposition has been vigorously
pursued with a view to biological eontrol of plant
pathogenic organisms.

The decomposition of organic materials of plant and
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animal origin is an important stage in the re-circulation
of plant nutrients via the soil-plant - animal cycle
(Floate 1970). There have been few detailed studies
specifically on the chemistry of the decomposition of the
coniferous leaf litter. Sokolov and Karpova, (1965) studied
decomposition, humification and mineralization in a mixed
pine forest podsol.They found that the first substances
decomposed were water soluble alcohol and benzene extractives
sueh as starch, hemicellulose and aminoacids. lnorganic
residues and lignin were decomposed later.The remaining
humus contained humic acid, fulviec acid, various
hydrolysate residues and 7% of waxes and resins. It is a
well known phenomenon that dead leaves release a variety
of inorganic salts and organic substances when soaked in
water. Typically 1-3% of the dry weight of the needles may
be lost after soaking for one day. Nykvist (1959) stated
that it is likely that these leachates influence the growth
of soil fungi during the early stages of decomposition.

There are evidences that decomposition of plant
residue in the soil results in the formation of compounds
which may have either favourable or unfavourable effects on
plants as well as on soil microorganisms. The idea
develbped after the work of Patrick, et al (1964),
Toussoun et 21 (1968). Toussoun et al (1969) demonstrated
that when Fusarium chlamydospores in forest seil were
exposed to pine duff extracts, 95-98%» germinated and lysed.

Recently Preddi et al (1975) demonstrated the

lysis of germ tube of Pugarium oxysporum in non-sterile

g0il in presence of five acids extracted from pine needles.



They suggested that presence O%G‘tgese acids in pine
forest soil may be partly responsible for the absence of
Fusarium spp from the soils.

Biological control appears to be a highly, if not
the most promising line of research on root diseases.
Ordinary soil contains numerous microorganisms
antagonistic to root pathogens. However, practically
nothing is known of the conditions that determine abundance
and activity of these beneficial organisms. The various
ways in which they affect pathogens are poorly understood
and they are exceedingly difficult to study under field
conditions. If organic amendments can be used to promote
growth of appropriate antagonistic microorganisms as an
effective substitute for chemicals in control of robt
diseages, many of the undesirable features of chemical
treatments may be avoided. Additional benefits may also be
obtained in the form of improved soil structure and
fertility.

The present investigation was conducted to study
the effect of litter on the soil microflora. The effort
has also been made to detect the phytotoxins released
during the decomposition of litter. The germination
behaviour of certain soil fungl in leachates collected
from litter and amended and unamended soils has also been
investigated. The decomposing litter, a part of the soil
system, may be effective in regulating the soil microflora
in various ways and this matter has been explored during

the present study.
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The work on effect of organic matter amendments
on soil microflora was pioneered by McLean and Wilson
(1914) and Waksman and Starkey (1924). Jensen (1931)
observed that addition of farmyard manure and fresh
straw in acidic soils increased the species of
Cephalosporium. Singh (1937) showed that number of
microorganisms in soil was directly influenced by
different manural treatments.

The negative affect of organic amendment on
£0il fungi has been reported by many workers (Guillemat
and ontegut, 1960; Das, 196%; Reddy and Rao, 1965).The
effect of organic amendment in soil was studied by Davey
and Papavizas (1960). They added immature (green) amd
mature (dry) plant material to a loamy sand green hause
s0il and Elsinchoro sandy soil and determined their effect
on rhizogsphere microflora. They observed an increase in
fungi by amendments., Jualitatively few genera were
stimulated whereas others were unaffected, reduced or
apparently eliminated. Toussoun et al (1963) studied the
effect of phytotoxic decomposition products of various
crop residues on the chlamydospores of Fusgarium solani
in soil.

Maurer and Baker (1964, 1965) studied the effect
of chitin and lignin amendments in the so0il and observed
a decrease in Pugarium population of bean plants. The
effect of chitin amendment on the root fungi of peas was
gtudied by Khalifa (1965). A considerable decrease in the
severity of pea wilt caused by Fusarium oxysporum was
reported by him. He also studied the effect of pectin,
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glucose, cellulose and laminarin,and found them less
effective than chitin against Fusarium wilt.

The d ecrease in fungal population due to the
amendment of various organic matter has also been
.reported by Dransfield and iicDonald (1966); Snyder
(1960); Stover (1962); Henis et al (1967); Singh and
Pandey (1966); Adams et al (1968); lu (1968); Ghaffar
et a1 (1969) and kanning and Crossan (1969).

Huber and Watson (1970) studied the effect of
various organic amendments on soil borne plant
pathogens. They found that disease severity was
correlated with the effect of specific crop residues in
soil on mitrification. ‘

Garrett (1970) pointed out that in general the
beneficial effects of erop residue decomposition on soil
greatly outweigh the harmful effects. Nevertheless, work
on phytotoxic decomposition products has been important
in helping to unreveal such problems as 'sick soil'
agsociated with replanting fruit trees.

Kanaujia (1973%) observed that the harvesting of
the crop and various amendments of the soil exerted
little effect on the mycofloral succession except that
both these factors hastened the decomposition of the
plant material. He recorded higher fungal population in
majority of the plots amended with organiec manure,
fertilizers, and plant-parts.

Vishwanath et al (1975) investigated
dehydrogenase activity and microbial population in

amended and unamended soils with incubation. Johri et al
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(1975) also studied the ecology of thermophilic
nycoflora of amended and unamended soils with incubation.
They found little fluctuations in the population of 'fungi and
actinomycetes during the entire period of incubation,
irrespective of whether they received nutrients or not.

Okpala (1975) studied the effect of various organic
soil amendments on "damping off" of Lettuce caused by
Corticum praticola,

Various organic matter amendment in soil and its
effects on s0il microbial activity was stuvdied by
Vertraete and Voets (1976). They revealed a strong effect
of organic fertilization on soil microbial activity.

Chavez et al (1976) studied the effect of the
amendment of crop residues in soil to control
Phytomatotrichum, root rot of cotton. Hehrotra and
Tewari (1976) studied the effect of soil organic
amendments on control of foot rot of Piper betel caused
by Phytophthora parasitica.

Grover (1977) studied the effect of various
organic and inorganic fertilizers and organic manure on
the mycoflora of decomposinz plant material in soil. He
observed that fungal population of the soil in different
setg of amendments exhibited a regular pattern.lie also
observed that the highest fungal population in soil was

assocliated with the sets amended with organic manure.
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Te imvestigate the effect of amendment of piie
leaf litter om seil microflora the experiments were
conducted in net house for a period of eight moanths i.e.
from Jume 1977 to Janmuary 1978. Two fypes of litter
freshly fallem and semidecompesed were used in this
experiment. Both type of needles were collected seperately
tfrem the oldest age group of pime stand (1955 pinme
plantation) and were brought to the laberatory.Soil from
the same pine stand was also collected and brought to the
laboratory.

The experiment was conducted in plastic pots.
1.0 kg. of unsterilized seil was filled in each pet.
Freshly fallen meedles amd semidecemposed meedles were
amended separately in each pet at the rate of 500 g per
pot. The amount of the litter used gawve almost the same
thickness on surface of the pol seil which is normally
available om the forest floor. Three replicate sets were
maintained fer each amemdment and for each sampling period.
Likewise three replicate sets were left unamemded and kept
as control. All the pets were kept in met house under
natural cemditien.

Moisture status of the seil in all the pots was
ad justed regularly to field capacity by addimg equal
Quantity ef water.

The first sampling of the decompesing litter
(freshly fallem needles and semidecomposed meedles) and soil
was dene after one month of amendment and subsequent samplimgs

were also doane at an interval of one month.
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During each sampling perieds seil was collected
in sterilized polythene bags separately from the pets
.amended with freshly fallen pine needles, semidecompesed
needles amd umamerded pets. In each case soil from these
replicate pets was mixed thormughly to minimize local
variation. 50 g of soil in each case was tramsferred
aseptically to the 250 ml comical flask comtaining 100 ml
of ' 70% ethyle alcohol. Flasks were hand shaken
vigorously tor half amn hour keeping the mouth clesed with
sterilized cotton plugs. Lhese washings were then filtered
The filtrate was centrifuged at 3000 rpm tfor 15 minutes
and again riltered through Whatman filter paper No.1. The
filtrate was concentrated to 10 ml in electric vacuum
oven below 50°C and was kept at 3°C im a refrigerater feor
the detection“mf phytotoxins. Thenfiltrate was also used
to test the germination ability of the speres of different
fungal species.

Likewise ‘litter samples (freshly rallen needles
and semidecoemposed needles) were also collected during
each sampling period from the pots and 50 g of litter
from each sample was transferred to 250 ml comical flasks
containing 100 ml of 70% ethyle alcohol. The flasks were
hand shaken vigorously for 15 minutes and were left
overnight. These washings were then tiltered. The
filtered leachate was centrifuged at 3000 rpm for 15
minutes and again riltered through Whatman rilter paper
No.1. The leachates were then concentrated to 10 ml in
electric vacuum oven belew 50°L and were kept at 3°C in a

refrigerator fer the detectlon of pnytotoxins. The



ieachate was alse used to test the germimation ability

of the spores ef different fungal species.

Iselation #f microflora from amended amnd unamended

soil .~ Bacteria, actinomycetes and fungi were isolated

frem the seil samples during each sampling period.
Population of all the three groups of organism was studiea
to observe the etfect of pine litter amendment. Percemtage
relative abundance and percentage frequency of fungi was
calculated as described in the materials and methods
(Chapter 1).

a) Iselation of fungi - Warcup's soiL plate methed

vas follewed i1or 1solation of rtungi from the seil samples
as described in the materials and methods (Chapter 1).

b) Isolatiom of bacteria and actinomycetes -

Dilution plate method was follewed tor the isolation ef
bacteria and actinomycetes throughout the sampling period,
as described in the materials and methods (Chapter 1).
Bacteria and actinomycetes pepulation was assessed
gquantitatively only, mo attempt was made to identify the

species.

Detection ef phytetoxins rrom seil extract and

litter leachates : The method for the detectior eof

phytotoxins was fellowed as described im the materials anmd

methods (Chapter 3).
Spore germination ef certain seil fungi in the soil

washingse and litter leachates : Certain seil fumgi usually

dominant and commonly occuring in the experimemtal sites

were selected for this experiment. The selected fungal
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species were Abgidia cylindrospora, Pythium sp.

Trichoderma viride, Pemicillium chrysegenum, Vertiecillium

sp and Fusarium sporotrichoides.The effect of soil

washings and litter leachates on the germination of
above mentioned fungi was studied in cavity slides by
hanging drop method. The spOres were incubated at 25°C
for 18 hours,and the number of germinated spores was“
ceunted at regular imterval till the number becomes
constant.The percentage of germination was determined

in each case on every sampling date.

pH _and moisture content of seil - pH and moisture

centent of amended and unamended soil was determined at
each sampling period by electric pH meter and even dry

veight basis.
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The results of the experimental findings on Pine
1itter amendments in soil are represented in the follawing
order -

1) Changes in the microbial population (fungi,
bacteria, actinomycetes) and ph of unamended and amended
so0il are represented in the Figs. 4& and 49 respectively.
Statistical analyses of the results are depicted in the
Tables 83~86.

2) Records of percentage relative abundance and
frequency of fungal species isolated from ﬁnamended and
amended soils are represented in the Figs 50 and Tables
87-89. Statistical analyses are depicted in the Tables 90-94.

3) Records of percentage germination of spores of
certain soil fungi in pine litter leachates are represented
in the Fig.51 and analysis of variance of the results are
depicted in the Tables 95-100.

4) Records of percentage germination of spores of
some fungi in soil washings of unamended and amended soils
are represented in the Fig.52 and statistical analyses of
the results are depicted in the Tables 101-106.

5) Phytotoxins detected from pine litter and from
unamended and amended soils 2re represented in the
Figs.53-54,

1) Changes in the microbial populastion (fungi, bacteria and

actinomyceteg) and pli of the soil unamended and amended with
pine leaf litter :-

The fungal pupulation of the soil in different sets
exhibited almost a regular pattern. it vas always maximum in

the beginning and minimum in the end (Fig.48 A). It was

»
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observed that the fungal population fairly increased in
lie soil amended with both fresh and cemidecomposed
litter, except in the month of January (Fig.48 4). a
regular decreasing trend in fungal population in the
control set was recorded (Fig.48 4). Inthe amended sets
this trend was not observed anc the fungal population
vas almost the same throughout the observation period
except in the month of January. The maximum fungal
population in unamended sets was recorded in the
nonth of July and October respectively and the
minimum population was recorded in the month of
January in all the three sets (Fig.48 a). The variation
in the fungal population of soil due to litter
amendnents was not significant statistically. The
variation however, due to the effect of season was
significant (Table 83). ~ ST SR
The bacterial populetion increased in all

the sets during the month of august and subsequently
degtreased in the amended sets during the later periods
(Fig.48 B). The peak population in unamended soil (Uk)
was however observed in the month of October, while
in soil amended with fresh litter (311) and semide-
composed litter (SL2) the maximum population was

recorded in September and August respectively. a drop
in the bacterial population was observed in the soil
amended with fresh #itter (SL1) from the month of
September to January and soil amended with semidecomgposed
litter (SL2) from august & January (fig.48 B).

Statistically no significant effect of litter
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amendment om bacterial population was observed. The
variatien in the pepulatien due to different seasens was
alseo not signiricamt (Table B4).

Actinounycetes pepulation of the soil in different
sets exhibited almost a similar trend. The populationmn
gradually imcreased in all the sets but more increase in
the populatien was observed in the sets amended with the
litter (Fig. 48-C). The peak population was observed in
the month of September im unamended soil (UN), in January
in the soil amended with fresh pine litter (Sl1) and in
October im the soil amended with semidecomposed litter
(81,).

Statistically no significant effect of litter
amendments on actinomycetes population was observed. The
variation in the population in different seasons was also
not significant statistically (Table 85).

pH of the seil though varied significantly in
different seasons, however, was not affected by pine
litter amendment (Table 86).

2) Records of percentage relative abundance and freguency

of fumgal species in unamended and amended soil :-

Only seven fungal species, viz; 3 phycomycetes amd
four members of fungi imperfecti were isolated from the
unamended soil whereas only six fungal species, viz; 2
phycomycetes and four members of fungi imperfecti were
isolated from the soil amended with fresh leaf litter (Sl1)
7 fungal specigs, viz; 2 phycomycetes and 5 members of

fungi imperfecti were isolated from the scil amended with
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semidecomposed litter (812) (Tables 87-89).

Absidia cylindrogpora, Pythium sp and Trichoderma

viride were found to be dominantly associated with all the
three sets (Tables 87-89). The relative abundance of
Absidig cylimdrospera during different sampling periods
was almost similar in all the three sets except in the
month of September when it was found to be'significantly
low in the amended than in the unamended sets (UN),
(Fig.50 and Tables 87-89). There was an increasing trend
in the abundance of this fungal species from the month

of July to September in soil amended with semidecomposed
litter (Slz) and unamended sets but a decrease was
recorded subsequently. Statistically no significant effect
of 1litter amendment was observed om the abundance of this
species in seil (rable 90).

The relative abumdance of Pythium sp im soil
during different sampling periods was almost similar in all
the three sets. This species appeared in the soil with
high relative abundance during the momths of July and
August. A decrease in the population was marked in the soil
amended with fresh pime litter (Sl1) from September to
January. The population was almost same in the soil amended
with semidecempesed litter (812) throughout the observation
(Fig.50). There was mo statistically significant effect of
litter amendments on the abundance of this fungus in the
s0il, the variation which occured in the soil was due to
the differemnt seasons (Table 91).

The relative abundance of Trichoderma viride in
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seil showed a semevwhat different picture than the other
two dominant species described above. The pepulation was
always higher inm the soil amended with semidecomposed
litter (Slz) but the population in the seil was not
markedly affected with amendment of fresh pine meedles
(Fig.50). A decreasing tremd in the pepulation was
marked im all the sets from the month of July to
September and it increased subsequently from the month of
October-January (Fig.50 and Tables 87-89). The variatiom
in the percemtage relative abundance of this species in
80il was due to seasonal effect and was found to be
statistically significant (Table 92).

It was interesting to note that though Penicillium
chrysogenum was a occasionally occuring species of the
unamended soil, the species appeared as a common form in
the soil amended with fresh pine litter (Sl1) and was
almost not recorded from the soil amended with semidecompesed
litter (Slz), (Fig.50 and Tables 87-89). The population ef
this species in seil of all the three sets was very low as

compared to Absidia cylindrospora, Irichoderma viride amd

Pythium sp (Fig.50). Statistically no significant effect of
pine litter amemndments was observed en the abundance of
this species in soil ([lable 93).

A similar result was observed with Phoma humicelea

£he fungus was isolated occasionally from the unamended soil
and it appeared as a cogmon species in the soil amended with
semidecomposed litter (Slz) (Pables 87-89). The population

was highest in the month of January in unamended soil and in

soil amended with fresh pine litter (Sl1) wvhereas it was
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very low in the month ef January im the se6il amended with
semidecomposed litter (Sl2).

A species of Verticillium was recorded as rare

species in all the three sets according to its percentage
frequeancy (Tables 87-89).The population of this species,
however, increased in the so0il due to pine litter
amendment (Fig.50).

3) Percentage mermination of spores of certain soil fungi

in pime litter leachates :-

The germination of spores of some dominant and
common so0il fungi in litter leachates collected after
different periods of amendments was studied. Six fungal

species namely, Absidia cylindrospora, Trichoderma viride,

Pythyium sp, Penicillium chrysogenum, Verticillium sp and

Fusarium sporotrichoides were selected for this study.
Germination test was carried out in two different types of
leachates collected from Lq and L, litter during different
periods.

The highest percentage of spore germimation of all
the test fungi was recorded in control sets (Fig.51). In
general, percentage gemination of all tungi in L1 leachate
at different periods of sampling was higher than in the
leachates from L, litter (Fig.51). However, the germinatiom
of different fungi in leachates of L1 lit ter was low im
the samples collected in the months ef July, August and
September i.e. after 30,60 and 90 days of amendment, and it
exhibited a gradual rise during the later part (Fig.5t).

The inhipition im L2 leachates was observed

throughout the course of study for Penicillium chrysegenum
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Fugarium sprotrichoides amd Verticillium sp,. In case eof

Absidia cylindrospora, Trichoderma viride and Pythium

species spere germination increased from the month of
October to January (Fig.51).

Statistically significant effect of litter leachates
on spore germination of the test fumngi was recorded except
for Trichoderma viride (Tables 95-100).

®) Percentage germination of fumgal spores im soil washings

of unamended and amended soil :-

Germimation of spores of above mentioned fungi was
also tested in the soil washings collected from unamended
(UN)soil,soil amended with fresh pine litter (Sl1) and soil
amended with semidecomposed litter (S1,) during differemt
sampling perieds.

Spore germination of different fumgi in unamended
soil washings (UN) was stimulated almost throughout the
course of investigation except in case of Pythium sp where
inhibition was observed. The germination in the washings of
goil amended with fresh pine litter (Sl1) was also high
throughout the course of investigation except from the
month of October to January (Fig.52). A stimulatory effect
on the germimation of spores in the washings of soil
amended with semidecomposed litter (312) was also observed
in the samples collected during the months of July te
Seéptember i.e. after 20, 60 and 90 days of litter amendment
and thereafter the germination found to be inhibited
(Fig.52).

‘'he spore germination of Pemicillium chrysogenum,

Verticillium sp and Fusarium sperotrichoides in centrol
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sets was higher than the unamended and amended sets
(Fig.52).
Statisticarry no significant variation in the

spore germination of Absidia cylindrospera, Pythium sp

and Irichoderma viride was noticed between differemt
sets of soil washings (Tables 101-103), but significant
variation was observed for Pemicillium ghrysogenum,

Verticillium and Fusarium sperotrichoides (Tables 104-106).

5) Detection ef phytotoxins from decomposing pine litter

and from unamended and amended soil :~

The liberation of phytotoxins from the decomposing
L1 and L2 litter and from unamended and amended soil at
different time periods was studied. It was observed that
the phytotoxins were not liberated during months of
September and October from the L1 and 52 litter. They
could not alsoe be detected in the seil during these menths.
The toxins were detected from the litter as well as from
the unamended and amended soil samples in the months of
July, August and January (Figsa 53-54).

On July caffeic aci@ was detected in L1 litter
leachates and Protocatechuic, Ferulic and Quinic acids
were detected in L2 leachates. Venillic acid was detected
in unamended soil whereas protocatbchuic acid was detected
from soil amended with fresh pine litter (Sl1) and
semidecomposed litter (S1,) (Fig.53).

In the month of August 3,4 dihydroxy benzoic acid
and Ferulic acid were detected in L1 and L2 litter

leachates respectively. Gentisic acid was detected only

from L1 leachates (Fig.53).
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Protocatechuic acid and 3,4 dihydroxy benzoic
acid were detected in seid amended with fresh pine litter
(Sl1) amnd semidecomposed litter (Slz) respectively.
Caffeic acid was detected in unamended soil (Fig.53).

In the month of January, preétocatechuic acid and
Caffeic acid were detected in L1 and L, leachates
respectively whereas 3,4 adihydroxybenzoic acid and
protocatéchuic acid were detected in unsmended and amended

soil (#ig.54).



Figure - 48 ¢ BShowing the effect of arendnent
4, B, C. of pine leaf litter in the
population of fungi,bacteria,
aetinomycetes in soil.
Legends Jjli = Unamended soil

SL1: c0ill amended with fregh pine
litter
BL,= Soil asmended with semidecom-

posed litter.



By Wy
SQORI3d ININVS
(OSVf soquﬁ fOSV[l

I |

hs s

Q w

1
w0

!
[
1
‘ &
JOIX H0S AxQ wiby19NNd 40 ON

[7
L
N
o~

NN

500143d  ONINdWVS
oSVl [OSY Tl rOSVl [OSVYf (OSVl OSV T

i ;mrg i

e

1
o
v

|
e
n
1
2

|
01X A0 Wb /SITDANONIDY 40
C
.8 .
<0IX 10S AMO Wb/ vRy310vE8 40 ON

L
08

‘
g 1S -

t
L L

19

. -



Figure - 49 : Showing the effect of Pine leaf

litter amendmert on pH of the soil

vegends - Ul = Unamended soil
’ SL1= Soil amended with fresh
pine litter
SL2= So0il smended with semide-

composed litter.
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Figure - 57 : Histograms showing the percentage
relative abundance of various
fungal species isoclated from the
so0il unamended (LN), and amended
with fresh (SL1) and semidecomposed

pine litter (SLZ)'

1 = abgsidia cylindrospore,
2 = Pythium sv,, 7 = Irichoderns

viride, 4 = Penicillium chrvsogenum,

5 = Ehoma humicola, 6 = Verticillium sp.
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Figure - 51 ¢ Effect of pine litter leachates
on the spore germination of
certain selected fungal species
uveachates collected at different
sempling periods. biq = Fresh pine

itter, L2 = Bemidecomnosed
litter.

Selected fungi are ¢

1 = Abgidie cvlindrospora,

2

1

fythiun sp., 3 = Thichoderma

viride, 4 = Penicillium

cnrysogenun, 5 = Verticillium sp.,

6 = Fusarium sporotrichoides.
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Figure - 52: Effect of different soil washings on
the spore germination of certain
fungal species.

Uk = Washings collected from
unamended scil

SL,= VWeshings collected from soil

-—

amended with fresh pine litter.
SL2: Washings collected from soil
amended vith semidecomposed

litter.
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Fizure - 53 :

Phvtotorins

Chromatogram showin. the oresence
07 various phytotoxins in soil
vashin s and li-ter leachetes
collected after various periods of
ernendnents,
J(e) = voil without litter ,

3
Sl = 301l =muwenced with Iresi: pine

litter

5¢2 = w0il amenied viti: senidecon-
posed litter

Ly = Fresl: pine litter

by = Semidecomposed litter.

: 1 = 3,4 divycroxybeuzoic acid

3 = Ferulic acid

4 = Venillic acid, 5 = .winic acicd
6 = Protocatechuic acid

7 = ventisii acid 8 = Calfeic acid

7?7 = Unidentified spots.
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Coronatosram suoving the sresence
0of various phrtotoxins in soll
tashings #nd litter leachne? ¢es
colleeted after various periods of

amnendrents.,

Phvtotoxins :

1 = %,4 dinydroxyhenzoic acid
6 = rrotocatechuic = cid

Cafreic =acid

03]
i

? = Unidentified spots.
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Table -~ 83. Analysis of variance for fungal population of soil
unamended and amended with pine leaf litter.
[] [] []
Sources of 'D.F.t 8.8. ' M.S.S. ' Variance ratio -L2ble 'F! value ' p . ..ys
variations ! ' ' ' caleoulated '+ 5% L 1% '
— 1 ¥
Amendments 2 ' 21,69  10.85 ' 0.98 ''4.46 . 8.65  Not sig-
! ' ' ! ' . ''nificant
] ] ) 1 !
' 1
Sampling periodd 4 , 217.50 ' 54.3%8 ! 4.93 t 3.8 7.01 ' Signifi-
Asobﬁwmw . ' . . v cant at
' ' 5% lewvel
' . ' 1 ' . ' of pro-
! ' ' ' » babilities
]
] ' 1 [ 1 “ ]
Error . 8 . 88.28 , 11.04 . . , '
1
1 ' ] 1 ' ' [
[ ] : 1 2 _— - 1
_HOAWE.H. 1 QA. ) ' ' 1
i

The above table reveals that the fungal population of
the soil did not vary significantly due to the pine
litter amenément but it varies significantly due to

the different seasons of the year.



Table - 84. Analysis of variance for Bacterial population of soil
unamended and amended with pine leaf litter.

3

™ 1 ] Y
Sources of ' U.w.. S.8. ' M.S.8S. . Variance ratio . Table Ml value Remarks
variations ' ' ' ' calculated 5% . 1% !
Amendments "o .Adgw.mm ' 559,93 0.33 446 t 8.65 Not sig-
' ' ' ' : : ' nificant
' ' ' t ' t
L
Sampling ' 4 '17614.80' 4403,70 ! 2.60 '3.84 . 7.01 ' |Not sig-
eriods ' ' ' . ' ' nificant
wsobﬁwmv ' ' '
1 1 t ]
t
1 1 ' ' ' !
Error 8 13569.75 1696.22 , ' .
] ] ] 1
' ' 1 t ! ' !
1
¥ T t [] - M
Total 14 , ' .

 —

The above table reveals that the bacterial population of
the soil neither varies significantly due to the pine
litter amendment nor due to the different seasons of the

year.
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Comparatively higher fungal and actinomycetes
population was observed in amended soil (Figs.48 A,
48 B). This may be due to increased nutrients released
frém the amended materials particularly in the form of
sugar and amino acids. Burges (1967) showed that the
addition of plant residues to soil provides soluble and
easily available energy materials which regult in a
"microbial explosion" of activity. High fungal counts in
the soil of rich organic status has been reported by many
workers (Saksena, 1955; Witkamp,1966; Dwivedi, 1966; Kamal
1968; Mishra, 1966; a,b; Mishra &nd Kanaujia 1972 C; anmd
Kanaujia, 1973).

The low bacterial population in the amended soil
even in the presence of favourable pH may be due to the
antagonistic activity of actinomycetes population

particularly Streptomycés sp in the soil (Figs.48,49).

Within the soil ecosystem relative efficiency of
each group of microorganisms in terms of litter
decomposition is determined by direct interactions between
particular organisms. Many toxic or synergistic interactions
may be considered in terms of the soil environment, on a
bulk, micro or molecular scale. The organisms affect one
another through changes brought about within these habitats.
Such effects may be important in regulating the populations
of erganisms in soil.

A constant decrease in the fungal population in
unanmended soil (Fig.48 A) is perhaps due to the poor
nutrient status and ‘intercompetition between fungi for

available food materials. There is evidence based on field
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studies indicating that saprophytic activity in soil is
governed by nutrient availability, particularly carbon and
nitrogen (Forbes, 1974). liore over presence of some
phytotoxic compounds even in mnamended soils suggests that
these compounds are always present in the pine soil
(Figs.53%,54). Some of these compounds are highly volatile
and perhaps inhibit the growth of fungi in unamended soil.
Recent work on volatile components of plant residues in
s0il has shown that they play a part in inducing mycostasis
(Balis_et al, 1968; Hora et al, 1970).

Almost a constant fungal population in amended sets
is primarily due to a constant supply of available nutrients
from litter to underlying soil due to a gradual breakdown
process (Fig.48 A).

The increase in the actinomycetes population in the
amended sets almost throughout the observation is perhaps
due to the. - ability of these group of organism to
wkilize more resistant organic residues such as cellulose
and lignin of litter (Fig.48 C). These organisms are
important in humifications, and they undoubtedly play an
important role in gradual transformation of the organic
amendments (Lu, 1968). Earlier workers have also reported
the increase in actinomycetes when fresh organic matter is
added to the soil, as at leaf fall or when crop residues
of farm yard manure are ploughed in (Hiltner and Stormer,
1903; Jensen,19%1; Waksman et al 1939; Saito, 1966).
However, they often colonize new substrates slower than
bacteria and fungi.

The decrease in the fungi and bacteria at the end

of the observation i.e. in the month of January, may be due
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to the accumulation of more ph¥totoxic compounds in soil
which affected adversely the growth of these organisms.
The spore germination of certain soil fungi was inhibited
in soil washings of both unamended and amended sets
collected in January (Fig.52).

Almost no difference was observed in the
gualitative nature of fungi in both unamended and amended

soils (Tables 87-89). Absidia cylindrospora, Pythium sp

and Trichoderma viride were dominant fungi irrespective of

amendments (Fig.50). Thepinbiiﬁ@ef“amendment probably could not
exert any significant effect oﬁ the soil microfungi.

Abundance of these species irrespective of litter amendments
may primarily be due to the presence of already available
substrates in pine soil. Microhabitats of the soil may also
ﬁlay a decisive paéle for the growth of certain fungi in

pine soil. However, the presence of certain phenolic

compounds (phytotoxic substances) in the soil of both

amended and unamended sets must have influenced the growth

of Pythium, Absidia cylindrospora and Trichoderma viride.

The germinetion of some common soil fungi in soil washings,
collected from the both amended and unamended soil at the
early stage of decomposition was stimulated (Fig.52).
Menzies et al (1967) also observed an induced germimation
of fungi due to the presence of certain volatile components
of plant residues in so0il. Utilization of certain phenolic
compounds by soil and litter fungi has already been
confirmed by Black et al (1976).

Many phytotoxine were detected in the present study
(Fig®#.5%-54). They were generally observed during the months

of July, August, and January. The production-of phytotoxins
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may be due. to the active degradation of cellulose,
hemicellulose, and lignin or the result of combined
activity of decomposers. Takijima (1964) has found
acetic, formic, butyric, lactic and succinic acids in
rice paddy soils while Wang et al (1967) have reported
phenolic acids sush as p-hydroxy benzoic acid, P-coumaric
acid, Vanillic, ferulic and Syringic acids in sugarcane
fields. These materials may affect so0il microorganisms
either by serving as food source or as growth inhibitors.
The influence is felt, either directly or indirectly by
the multitude of living components of that soil. It is
believed "that these toxic compounds are intermediate
breakdown products of lignin, cellulose and other plant

constituents (Patrick et al 1965).
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The decomposition of leaves is mot a problem
which is entirely confined to the litter on the forest
floor. In fact, process of decay starts .from the very
moment the leaf is formed, and the leaves are|e§§d§édﬁ
to attack by micro-organisms and animals during their
whole life, senescence and death (Jensen, 1974). In
this chapter, therefore emphasis will be given or the
. description of the whole geries of events related to
the succession of microorganisms specially fungi from
the moment of unfolding of the pine needles until the
decomposition of fallen litter. Also the various
ecological factors that govern the decomposition of
pine litter will be discussed.

It has been shown that tree leaves are inﬁﬁheﬁL
by microorganisms very rapidly after unfolding. Yeasts
and filamentous fungi can also be demonstrated on the
recently unfolded leaves. From the present investigation
it has been démonstrated that fungi and yeasts were
present on the pine needles even at bud stage. The
population increased as the needles attained maturity
(Fig.20). The source of infection presemts no problem in
ever green pine forest where microorganisms can easily
be transferred from old to new leaves. Bacteria, yeasts
and filamentous fungi have all been found in dormant buds
of many trees (Davenport, 1966; Hislop and Cox,1969;
Pugh and Buckley, 1971a).

The phylloplane mycoflora of pine needles

consisted of relatively few species, especially when the
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needles were veyy young (Tables 47-49). This may
probably be due to the exposure to the changing
weather conditions, the limited avaliability of
nutrients and the presence of antimicrobial substances
(Topps and Wain, 1957; Beck et 8l 1969). As the needles
grow, mature and senegce the activity of the fungi
increases. With ihcrease in the availability of
nutrients the meedles are invaded by several
saprophytes and pathogens. Thus, at needle fall, a
variety of fungi may be present in or on the needles
(Miller, 1974).

From the present study an increase im number of
species was recorded from the matured green needles
until senescent stage. The highest number of species
vas recorded om litter, after leaf fall (Tables 50-52).
During the bud stage of pine needles Aureobasidium
pullulans and Sporobolomyces rogeus were common &nd
dominant species respectively (Table, 47).
Aureobasidium pullulang as a most common filamentous
fungus within dormant buds has also been reported by
several earlier workers (Davenpoert, 1966; Pugh and
Buckley 1971 b).As the needles grow older, other fungal
species like Clsdosporium herbarum, Penicillium
chrysogenum, sterile white mycelia were more active and
vere abundant on the decomposing litter (Tables,48-52).
Thus it seems that the fungi which were present on the
decomposing litter were present from the unfolding of

the needles.
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The availability eof different types ef mutrients
at different stages of plant grewth is prebably the main
facter which determine the successien of micreergarisms
en the leavea. The populatiern is affected by nutriemt
level of the leaf surface which changes with the
release of the substances from the leaf.

Internal celenization ef pimne needles may bhe
by parasitic amd/er saprophytic erganisms (Tables 53+58).
Celenizers of latter greup play a considerable part im
decempositien of leaf tissue and parasitic ferms often
centimue to functien saprephkytically after the death eof
the hest materisl (Sadasivan, 193%9; Gandy,1965,1966;
Garrett,1970).

It is net pessible te evaluate exactly the
effects ef the micrebial activity en and imn the leaves
in the tree canopy. A certain prepertion ef the
phetosynthetic preducts fermed by the leaves is, hewever,
utilized by the microerganisms, and the decompesitionr ef
the leaves is already well under way whem they reach the
ground after leaf fall. It is alse highly prebable that
leaf senescence is accelerated by micrebial activity
(Jensen, 1974).

The maximum number of fungal species was
recerded om the decemposing litter (Tables 66-69). A
wide range of deuteromycetes was recorded threughout the
ceurse of investigation and most of them were of commom
occurence., The deuteromycetes have been feund te p}ay the
mest impertant rele in decomposition precess. The deminance

of other forms during verious stages of decempesitien may
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be accounted to the selective response to substrate
available at the time of decompesition (Mishra,1971 a,b).

The occurence of Pythium sp. and Mucor hiemalis
28 dominant ferms at the early stages ef decemposition
is due to their greater affinity towards sugar and
amino acid (Figs. 25-27).

The presence of Tricho&erma viride, Peniecillium
chrysogenum and Cladosporium herbarum on decompesing
litter (Figs. 25-22) suggests their active role in
deconpogition of pine litter. These species are pulled
up beth from the newly falleg pine needles as well as
from the debris already present on seil. The presence

of Trichoderma viride and Penicillium chrysegenum in

pine forest woil is well documented in the Chapter 1.
Their role im litter decomposition under laboratory
condition alsc suggests that they are the active
decomposers of pine needles (Tables 37,38), Their wide
occurence on decomposing litter could be explained in
terms of their adaptation te utilize different phytotoxic
compounds frem decomposing litter (Black et al, 1976).
Most of the fungi recorded in the present
study are so called 'seil fungi', But such a distinction
between the twe groups, viz. seil vs. leaf litter fungi
is te a certain extent theeretical. Chesters (1949) and
Purh (19-8) observed that many seil fungi are found in
the leaf litter amd the latter is pessibly invaded first
by the fungi growing on debris already present on the

s0il and the litter contributes available energy
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materials to both the soil fungi and the leaf litter

fungi. However, extremely common fungi like Irichoderma

viride, Penicillium chrysogenum, Mucor hiemalis, Pythium

sp. and many others which are encountered from the
decomposing pine litter. This is probably due to their
nutritional preferences.Among the phylloplane fungi
remarkable reduction onthe decomposing needles was noted

in the population of Aureobasidium pullulans and

Sporobolomyces roseus (Tables 66-69). This su/gests that

they are less active on decomposing litter.

Surprisingly enough throughout the course of
investigation the members of ascomycetes and basgidiomy-
cetes could not be observed in any appreeiable number.
Some sterile white mycelia sometimes found with clamp
connection are suspected to be basidiomycetous but in
this case also it is with reservation only unless the
fruiting bodies are observed.The role of the fungi of
these gwo-groups in decomposition of pine litter should
not be underestimated because of their low occurrence.
This may be due to the limitations of the techniques used
and the media selefited. Role of this group of the fungi
on litter decomposition both in laboratory and field is

worth investigating.

A pattern of succession of some common fungi
on pine needles from bud to senescent to decomposing

litter is given below as tabular form.



Buds Unfolded
needles

Sporobolo-
myces roseus

Aureobasidium
pullulans

Penicillium

chrysogenum

Sterile white

mycelia
(Basidiomyce~
tes)
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An owerall picture of the study reveals that the
distribution pattern of the fungal species on and within
decomposing pine litter, besides other environmental
factors, is regulated by the age of needles and the type
of toxins present. The importance of the latter in pine
litter decomposition is well decumented in the previous

chapters.

Though the effort has been made in this study to
investigate the different papameters related to pine
litter decomposition under different ecological conditions,
a number of question, however,still remains to be answered

which will be looked intoin future studies.

Eg. a) The role of basidiomycetes in pine litter
decomposition.

b) The role of mycorhizal fungi and their anta-
gonistic effect against litter decomposing
microbes.

c) Sterile mycelia and their role in litter

decomposition.
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d) Patbern of succession of bacterial and actinomyce-
tes flora on pine litter and their role in

decomposition.

The whole process of decomposition is, however, very
compdex. In field conditions particularly it is very
difficult and unsafe to pin point the effect of individual
factors on process of decomposition. Effort has been made
to correlate the studies conducted in the field and labora-
tory condifions but within the limited period of
investigation certain aspects could not be understood

and they need further study.



g**** ********************:

*
*
»
*

ABSTRACT

*
*
*
*

§************************i



190

Pinus kesiya Royle exGordon, has been selected

for the present study beacuse of its wide distribution
throughout this region and also because it produces more
litter than do other tree species of the region. Five
Pine plantations varying from 9 years to 24 years age were
gselected for the present study.

The successive colonization of pine needles by
fungi, bacteria and actinouycetes in relation to various
environmental factors has bheen studied under different
pire stands. To understand the biology of pine litter
ceconposition, socil microflora of pine forest was also
assessed during the present investigation. The phylloplane
fungi of pine needles vere isolated simultaneously to
assess their role in litter decomposition. The role of
certain dominant fungi in pine litter decompositior.
was also egtimated uncer laboratory condition. The role of
pine litter amendment on c£o0il microflora and the effect of
litter leachates on the spore germination of certain fungi
were investigated. The production of phytotoxing during
pine litter decomposition was also analysed simultaneousaly.

Statistically no significant variation was
observed in the fungal, bacterial and actinomycetes
population of the soil of different pine plantations
studied but a significant variation in the microflora was
obtained during differcnt seasons. During the soil
microbial studies, relationships between 002 evolution,
dehyd rogenase activities, total microbial population and

other physico cherical properties of soil was investigated
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to assess the microbial activity of the forest soil.
Statistically no strong correlation was observed between
dehydrogenase activities and total microbial population
of the f&rest soil. un the other hand a positive
correlation wasg observed between 002 evolution and total
microbial population of the soil}. The addition of glucose
as substrate substantially increased the dehydrogenase
activities of the soil.& significant correlation vas
Observed between dehydrogenase activities, soil moisture
and pH of the forest.Soil wmoisture content did not
effect the 002 evolution from the forest floor. Soil
nitrogen content did not effect 002 evolution, dehydrogenase
activities and total number of microbes at all., Extreme
climatics fluctuations on the octherhand did exert
a significant influence on the soil microbial popuiation.
Regarding the qualitative nature of the soil
wycoflora much difference was not marked besween different
plantationg gtudied, Almost similar forms of fungi were
recorded in all the plantations. Absidia cylindrospora,

Pythium sp. and Irichod erma viride were the dominant soil

funegi in all the plantations. Whe nunber of fungal species
isolated trom pine soil was not much. This is probably due
to phytotoxic properties of the forest soil and also due

to the presence of higher actinomycetes population which
inhibited the growlh of fungi. a remarkable feature of the
forest soil was the wbsence of pathogenic fungi like
Fusarium etc.There was a significant seasonal effect on the
prevalence of different fungl in the soil.

As regard the phylloplane studies of pine needles
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the fungal and yeast population of senescent needles was
higher than the green needles. The population of the

mi crofungi and yeast on the needles increased with the age
of the needles and atbtained a peak when the needles
enterted into the litter stage. Before the needles wvere
subjected to decomposition they were inhabited by several
leaf saprophytes. Statistically mo significant variation
was observed in the phylloplane fungal and yeast population
of different plantations. It has also been observed that the
microfungal and yeast population of the phylloplane of pine
needles at different stages of maturity resporded directly
to the moisture content of the needles. Other environmental
factors of this region also directly affected the fungal
population #f pine needles. Number ef fungal species
increased with the age of the needles and the highest number

of species isolated was from the litter stage. Sporobolomyces

roseus, Penicillium chrysogenum and a sterile white mycelia

were dominant during the unfolded stage. When the needles
attained maturity and entered into the s?nescent stage
Cladosporium herbarum and sterile white mycelia were the
dominant forms. Later on when the senescent needles entered

into litter stage Sporobolomyces roseus and Cladosporium

herbarum outnumbered sterile white mycelia and dominated the
phylloplane of leaf litter.

During the field decomposition studies, fungal,
bacterial and actinomycetes population of decomposing pine
litter was minimum in the beginning and the population
gradually increased with the advanced stage of decomposition.
Moisture content of pine litter governed the variation in

microbial population. Statistically a significant positive
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correlation was obtained between moisture conten& and the
mierobial population of the decomposing litter. No sig-
njfiéant variation in the microbial population of
decomposing litter was obtained between different
plantations. On the otherhand population was governed by
the filluctuation inthe environmental conditions of the
locaiity.

Qualitatively the number of fungal species isola-

ted drom the decomposing litter was very low. Fenicilliium-

chrysogenum, Trichoderma viride and sterile white mycelie

were the dominant fungi. The species of fungl imperfecti
were over all dominant mycoflora during pine litter
decomposition. The rate of break@own of pine litter was
vositively correlated with evolution of Coz. Also a
positive correlation was obtained between the 002 evolution
and total microbial popuiation of decomposing litter. The
changes in cellulose and hemicelliulose content during
litter decomposition was almost similar for all the stands.
Thé loss of both the qpnstituents followed total weight loss
very closely. The lignin content of pine litter was degra-
ded at extremely slov rate on the forest floor. The §oluble
components of the litter like total sugar and amino racid
vere lost very rapidly than any other components. In the
laboratory decomposition studies the rate of nine litter
decomrosition was very high in the sets inoculated with

Mueor hiemalis, Trichoderma viride, Cladosporium herbarum

and mixed inoculum. On the otherhand, overall rate of
decomposition was slower in the laboratory condition than
under natural condition. This is accounted due tothe total

exclusion of litter fauna in the experiment; Several
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phytotoxins could be jdentified from the litter during
various stages of decomposition under natural condition.
Statistically no significant effect of litter amendment

on fungal, bacterial and actinomycetes, population was
ocbserved unéer net house condition. The prevalence of
certain fungal species in soil was, however, affected by
pine litter amendment. Statistically, a signiricant effect
of litter leachates on the spore germination or test fungi
was also reéorded. Fusarium sporotrichoides and Verticillium

!
8p. were inhibited in the iitter leachates throughout the

course of germination test.

Lagtly it can be concluded that among the rungi
which were involvéd in pine litfer decomposition, many of
them were i%olated from the phylloplane as well as from the
forest soil?of this region. The distribution of the fungi

was largely:affected by several biotic and abiotic factors.
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